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AMERICAN CONCRETE INSTITUTE, 


ARTICLE I. 
MEMBERS. 


Secrion 1. Any person engaged in the construction or maintenance 
of work in which cement is used, or qualified by business relations or prac- 
tical experience to co-operate in the purposes of the Institute, or engaged 
in the manufacture or sale of machinery or supplies for cement users, or a 
man who has attained eminence in the field of engineering, architecture or 
applied science, is eligible for membership. 

Sec. 2. A firm or company shall be treated as a single member. 

Sec. 3. Any member contributing annually twenty or more dollars 
in addition to the regular dues shall be designated and listed as a Con- 
tributing Member. 

Seo. 4. Application for membership shall be made to the Secretary 
on a form prescribed by the Board of Direction. The Secretary shall sub- 
mit monthly or oftener, if necessary, to each member of the Board of 
Direction for letter ballot a list of all applicants for membership on hand 
at the time with a statement of the qualifications, and a two-thirds ma- 
jority of the members of the Board shall be necessary to an election. 

Applicants for membership shall be qualified upon notification of elec- 
tion by the Secretary by the payment of the annual dues, and unless these 
dues are paid within 60 days thereafter the election shall become void. An 
extract of the By-Laws relating to dues shail accompany the notice of 
election. 

Sec. 5. Resignations from membership must be presented in writing 
to the Secretary on or before the close of the fiscal year and shall be 
acceptable provided the dues are paid for that year. 


ARTICLE IT. 
OFFICERS, 


Secrion 1. The officers shall be the President, two Vice-Presidents, 
six Directors (one from each geographical district), the Secretary and the 
Treasurer, who, with the five latest living Past-Presidents, who continue 
to be members, shall constitute the Board of Direction. 

Sec. 2. The Board of Direction shall, from time to time, divide the 
territory occupied by the membership into six geographical districts, to be 
designated by numbers. 
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Sec. 3. There shall be a Committee of five members on Nomination 
of Officers, elected by letter ballot of the members of the Institute, which 
is to be canvassed by the Board of Direction on or before September 1 of 
each year. 

The Committee on Nomination of Officers shall elect by letter ballot 
of its members, candidates for the various offices to become vacant at the 
next Annual Convention and report the result to the Board of Direction 
who shall transmit the same to the members of the Institute at least 60 
days prior to the Annual Convention. Upon petition signed by at least 
ten members, additional nominations may be made within 20 days there- 
after. The consent of all candidates must be obtained before nomination. 
The complete list of candidates thus nominated shall be submitted 30 days 
before the Annual Convention to the members of the Institute for letter 
ballot, to be canvassed at 12 o’clock noon on the second day of the Con- 
vention and the result shall be announced the next day at a business 
session. 


Sec. 4. The terms of office of the President, Secretary and Treasurer 
shall be one year; of the Vice-President and the Directors, two years. 
Provided, however, that at the first election after the adoption of this 
By-Law, a President, one Vice-President, three Directors and a Treasurer 
shall be elected to serve for one year only, and one Vice-President and 
three Directors for two years; provided, also, that after the first election 
a President, one Vice-President, three Directors and a Treasurer shall be 
elected annually. 

The term of each officer shall begin at the close of the Annual Con- 
vention at which such officer is elected, and shall continue for the period 
above named or until a successor is duly elected. 

A vacancy in the office of President shall be filled by the senior Vice- 
President. A vacancy in the office of Vice-President shall be filled by the 
senior Director. 

Seniority between persons holding similar offices shall be determined 
by priority of election to the office, and when these dates are the same, 
by priority of admission to membership; and when the latter dates are 
identical, the selection shall be made by lot. In case of the disability or 
neglect in the performance of his duty of any officer of the Institute, the 
Board of Direction shall have power to declare the office vacant. Vacancies 
in any office for the unexpired term shall be filled by the Board of Direc- 
tion, except as provided above. 


Sec. 5. The Board of Direction shall have general supervision of the 
affairs of the Institute and at the first meeting following its election, 
appoint a Secretary and from its own members a Finance Committee of 
three; it shall create such special committees as may be deemed desirable 
for the purpose of preparing recommended practice and standards concern- 
ing the proper use of cement for consideration by the Institute, and shall 
appoint a chairman for each committee. Four or more additional members 
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on each special committee shall be appointed by the President, in con- 
sultation with the Chairman. 

Sec. 6. It shall be the duty of the Finance Committee to prepare the 
annual budget and to pass on proposed expenditures before their submis- 
sion to the Board of Direction. The accounts of the Secretary and Treas- 
urer shall be audited annually. 

Src. 7. The Board of Direction shall appoint a Committee on Resolu- 
tions, to be announced by the President on the first regular session of the 
annual convention. 

Src. 8. There shall be an Exccutive Committee of the Board of 
Direction, consisting of the President, the Secretary, the Treasurer and 
two of its members, appointed by the Board of Direction. 

Sec. 9. The Executive Committee shall manage the affairs of the 
Institute during the interim between the meetings of the Board of 
Direction. 

Sec. 10. .The President shall perform the usual duties of the office. 
He shall preside at the Annual Convention, at the meetings of the Board 
of Direction and the Executive Committee, and shall be ex-officio member 
of all committees. 

The Vice-Presidents in order of seniority shall discharge the duties 
of the President in his absence. 

Sec. 11. The Secretary shall be the general business agent of the 
Institute, shall perform such duties and furnish such bond as may be 
determined by the Board of Direction. 

Seo. 12. The Treasurer shall be the custodian of the funds of the 
Institute, shall disburse the same in the manner prescribed and shall 
furnish bond in such sum as the Board of Direction may determine. 

Src. 13. The Secretary shall receive such salary as may be fixed by 
the Board of Direction. 


ARTICLE IIT. 
MEETINGS. 


Section 1. The Institute shall meet annually. The time and place 
shall be fixed by the Board of Direction and notice of this action shall be 
mailed to all. members at least thirty days previous to the date of 
Convention. 

Src. 2. The Board of Direction shall meet during the Convention at 
which it is elected, effect organization and transact such business as may 
be necessary. 

Sec. 3. The Board of Direction shall meet at least twice each year. 
The time and place to be fixed by the Executive Committee. 

Sec. 4. A majority of the members shall constitute a quorum for 
meetings of the Board of Direction and of the Executive Committee. 
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ARTICLE IV. 
DUES. 


Section 1. The fiscal year shall commence July Ist. 

Src. 2. The annual dues shall be ten dollars ($10.00) payable annu- 
ally in advance from first of the month following notification of the appli- 
cant of his election by the Board of Direction. 

Src. 3. Each member shall be entitled to receive one copy of one 
volume of the Proceedings for each membership year and additional 
volumes at a price fixed by the Board of Direction. 

Src. 4. A member whose dues remain unpaid for a period of three 
months shall forfeit the privilege of membership and shall be officially 
notified to this effect by the Secretary, and if these dues are not paid 
within thirty days thereafter his name shall be stricken from the list of 
members. Members may be reinstated upon payment of all indebtedness 
against them upon the books of the Institute. 


ARTICLE V. 
STANDARDS. 


SecTION 1. Proposed new or revised Standard Specifications, Stand- 
ard Practice and Standard Definitions, when approved by a majority voting 
in the committee in which they originate, shall be submitted in the form 
adopted in the Standard Form of Standards to the secretary of the Insti- 
tute 60 days prior to the opening of the annual convention at which they 
are to be presented. The secretary of the Institute shall cause these pro- 
posed new standards or revised standards to be printed as Proposed 
Tentative Standards and mailed to the full membership of the Institute 
thirty days prior to the opening of the convention. As there amended and 
approved, they shall be published in the Annual Proceedings, next issued 
as Tentative Standards. At a subsequent annual convention they may 
again be offered unamended, by their originating committees as proposed 
standards, and as there approved by a majority of those voting, they shall 
be submitted to letter ballot of the Institute membership, to be canvassed 
within ninety days thereafter. Such proposed standards shall be con- 
sidered adopted unless at least 10 per cent of the total membership shall 
vote in the negative. 

ARTICLE VI. 
AMENDMENT. 


Secrion 1. Amendments to these By-Laws, signed by at least fifteen 
members, must be presented in writing to the Board of Direction ninety 
days before the Annual Convention and shall be printed in the notice of 
the Annual Convention. These amendments may be discussed and amended 
at the Annual Convention and passed to letter ballot by a two-thirds vote 


of those present. Two-thirds of the votes cast by letter ballot shall be 
necessary for their adoption. 


SUMMARY OF PROCEEDINGS OF THE TWENTY-FIRST 
ANNUAL CONVENTION. 


Drake Hotel, Chicago, Illinois. 


First Session, Turspay, Fupruary 24, 1925, 2 P. M. 


The convention was called to order by A. E. Lindau, president of the 
American Concrete Institute. 
The following papers were read and discussed: 
“Theory Must Aid Practice in Concrete Making,” by C. P. Richard- 
son. 
“The Design of Concrete Mixtures Under Field Conditions,” by T. 
P. Watson. 


“Field Control of Concrete on the Delaware River Bridge,” by A. 
W. Munsell. 


“Notes on Laitance,” by R. M. Miller. 


Joint Second SESSIONS, TUESDAY, FEBRUARY 24, 1925, 8 P. M. 


Two co-ordinate sessions were held on Tuesday evening (a) for those 
interested in reinforced-concrete building construction, with Vice-President 
E. D. Boyer in the chair, and (b) for concrete products manufacturers, 
with A. J. R. Curtis in the chair. The meeting consisted of the discussion 


of certain questions previously printed. 


THIRD SESSION, WEDNESDAY, FEBRUARY 25, 1925, 9.30 A. M. 


President A. EK. Lindau in the chair. 


The report of Committee E-6, “Destructive Agents and Protective 
Treatments,” was presented by F. R. McMillan, secretary. The report was 


discussed. 
The report of Committee E-5, “Aggregates,” was presented by Frank 


H. Jackson, secretary. The report was a progress report, and was accepted. 
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The report of the Institute’s representation on the Joint Committee 
on Concrete and Reinforced Concrete (Committee J-1) was presented by 
S. C. Hollister, chairman. 

The motion was adopted that the report of the Joint Committee on 
Concrete and Reinforced Concrete be received by the Institute and printed 
in the Proceedings. 

The report of Committee E-1, “Building Laws,” was presented by F. 
R. McMillan, chairman. The report consisted in the presentation of pre- 
liminary studies for revised standard building regulations. 


FourtH SESSION, WEDNESDAY, FEBRUARY 25, 1925, 2 P. M. 
Mr. J. W. Lowell in the chair, 


This meeting was devoted to a discussion of progress in details of 
operation of plants for the manufacture of concrete building units—a dis- 
cussion to cover the broad work of Committee P-6, on Concrete Products 
Plant Operation. It consisted of a discussion led by Mr. Lowell and 
C. L. Bourne, chairman and secretary of Committee P-6, respectively. 

At the meeting there was consideration of Committee P-6 report on 
Recommended Practice for the Manufacture of Concrete Building Block, 
Building Tile, and Brick. 


FirtH Session, WEDNESDAY, FEBRUARY 25, 1925, 8 P. M. 
Past-president Richard L. Humphrey in the chair. 
The following papers were read and discussed: 


“Concrete from the Viewpoint of Mr. Cement,’ by Thaddeus Merri- 
man. 


“Notes on the Construction of a Concrete Stadium,” by W. H. Hatt. 
“Crazing on Cement Products,” by P. H. Bates. 


(A presentation by the chairman of Committee P-1 on 
Crazing and his understanding of the problems of that newly- 
formed committee. ) 


“Shall Anything Be Added to Portland Cement,” by Maximilian 
Toch. 


SUMMARY OF PROCEEDINGS. 17 
“Proportioning Concrete Materials with Special Reference to High- 
way Construction,’ by G. W. Hutchinson. 


“Coefficient of Expansion Tests on Gunite,’ by M. O. Fuller (by 
title only). 


SrxtH Session, THurspAy, FEBRUARY 26, 1925, 9.30 A. M. 
Past-president Richard L. Humphrey in the chair. 


Report of Committee S-6 on Roads and Streets was read by C. R. 
Ege, secretary. The report consisted in the presentation of Tentative 
Standard Specifications for One-Course Concrete Pavement for Streets; 
Tentative Standard Specifications for Two-Course Concrete Pavement for 
Streets, Tentative Standard Specifications for Two-Course Concrete Pave- 
ments for Highways. 

All were adopted by the meeting to be sent to letter ballot for adoption 
as standards. 

The following paper was read and discussed: 


“Applying the Inundation Method to Control Moisture Content,” by 
A. A. Levison. 

The report of Committee P-7 on Pipe and Drain Tile was presented 
by C. F. Buente, chairman. The report presented revisions on Tentative 
Specifications for Concrete Drain Tile, Plain Concrete Sewer Pipe and Re- 
inforced-Concrete Sewer Pipe. 

The report made the following recommendations: That the Tentative 
Standard Specifications for Concrete Drain Tile P-7B-24T be submitted 
to letter ballot of the Institute and become a standard (adopted by the 
meeting). (2) That the Proposed Standard Specifications for Plain and 
Concrete Drain Tile, 1910-1911, be withdrawn (adopted by the meeting). 
(3) That the Recommended Practice for Plain Concrete Drain Tile of 1912 
and Standard Specifications for Concrete Drain Tile of 1917 be submitted 
to the Institute by letter ballot for withdrawal (adopted by the meeting). 
(4) That Tentative Standard Specifications for Reinforced-Concrete Sewer 
Pipe P-7C-24T be adopted as Tentative Standards by the Institute. 

The following paper was read and discussed: 

“Finishing Concrete Floors,” by E. E. Davis. 

The report of Committee C-2 on Floors and Sidewalks was read by 
A. C. Irwin, secretary. The report consisted in the recommendation that 
Tentative Standard Specifications for Portland Cement Concrete Sidewalks 
C 2B-24T be advanced to Standard (adopted by the meeting). (2) That 
there be a revision of Standard Specifications for Concrete Floors C-2A-24 
(motion was adopted). 

The following papers were read and discussed: 


“Central Mixing Plants,” by W. E. Hart. 
“Securing Texture for Portland Cement Stucco,” by Samuel Warren. 
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SrvenTH SESsIon, THURSDAY, FEBRUARY 26, 1925, 2 P. M. 


President A. E. Lindau in the chair. 

The report of the Board of Direction was read by the Secretary. 
Past-president Richard L. Humphrey in the chair. 

The tellers announced the following elections: 


President, A. E. Lindau, of Chicago. 
Vice-President (2-year term), Edward D. Boyer, New York. 
Secretary and Treasurer, Harvey Whipple, Detroit. 
Directors, 8rd District, S. C. Hollister. 

4th District, John J. Harley. 

5th District, Duff A. Abrams. 


President Lindau in the Chair. 


A discussion on the suggestions for furthering the work of the Amer- 
ican Concrete Institute followed. 


The report of Committee C-3, “Treatment of Concrete Surfaces,” was 
presented by J. C. Pearson, chairman. 


A new Tentative Standard Recommended Practice for Treatment of 
Exterior Surfaces of Industrial Reinforced-Concrete Buildings was pre- 
sented and was ordered by the meeting to be continued into Tentative 
Standards. 


The committee further presented progress report, which was received. 


The report of Committee S-5 on Concrete Dwelling Houses was pre- 
sented by J. A. Ferguson, chairman. The report consisted in proposed 
Recommended Practice for the Design and Construction of Concrete Dwell- 
ing Houses. It was accepted as a progress report. 


The report of Committee P-1 on Concrete Standard Building Units was 
presented by C. L. Bourne, secretary. 


Tentative Standard Specifications for Concrete Building Block and 
Concrete Building Tile, and for Concrete Brick were submitted to be ad- 
vanced to Standards. 


The report of Committee P-5 on Fire Resistance of Concrete Building 
Units was presented by Leslie H. Allen, chairman. The report was accepted. 

The report of Committee P-6, “Concrete Products Plant Operation,” 
was presented by J. W. Lowell, chairman. It presented Proposed Revised 
Recommended Practice for the Manufacture of Concrete Building Block, 
Building Tile and Brick. Accepted as tentative. 

Annual Banquet, Drake Hotel, Chicago, Ill., Feb. 26, 1925, 7 P. M. 

Frank C. Wight, toastmaster. 

Addresses were made by A. E. Lindau, president; James Weber Linn, 
professor of english at the University of Chicago; and F. R. Moulton, 
professor of astronomy, University of Chicago. 

Frank C. Wight, chairman, Wason Medal Committee, presented the 
Wason Medal to Richard L. Humphrey. 
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EicuTH Session, Fripay, Frpruary 27, 1925, 9.30 A. M. 


President A. E. Lindau in the chair. 

The report of Committee C-5, “Measurement of and Estimating Con- 
crete,’ was presented by Frank R. Walker, chairman. It contained Tenta- 
tive Specifications for the Measurement of and Estimating of Concrete, 
which were adopted as such. 

The report of Committee S-1, “Reinforced-Concrete Chimneys,” was 
presented by Eric Plagwit, chairman. The report consisted in the pre- 
liminary report on Recommended Practice for the Design of Reinforced- 
Concrete Chimneys and Proposed Tentative Specifications for the Construc- 
tion of Reinforced-Concrete Chimneys. After discussion, the report was 
referred back to the committee for further study. 

The following paper was read and discussed: 


“Report of Tests Made to Determine the Temperatures in Rein- 
forced-Concrete Chimney Shells,’’ by E. A. Dockstader. 


The report of Committee G-4 on Nomenclature was presented by W. 
A. Slater. The report was accepted as a progress report. 

The report of Committee E-4 on Fire Resistance of Concrete was pre- 
sented by N. D. Mitchell, chairman. It was a progress report accepted by 
the meeting. 

The report of Committee E-8 on Expansion Joints was presented by 
title. 

The following paper was read and discussed: 


“Design of Reinforced-Concrete Circular Bins for the Storage of 
Cement,” by H. A. Ward. 


THE WASON MEDAL. 


AWARDED Hach YEAR TO THE AUTHOR OF THE Most MERITORIOUS PAPER 


PRESENTED TO THE PREVIOUS ANNUAL CONVENTION. 


Awarded 1925 to 


RicHARD L. HumpuHRey, for two papers, “Twenty Years of Concrete’ and 


“The Promise of Future Development,” Presented to the 1924 Convention. 


1916 


1917 


7918 


1919 


1920 


1921 


1923 


PREVIOUS AWARDS. 


Convention Paper—A. B. McDanixL, “Influence of Temperature on 
the Strength of Concrete.” 


Convention Paper—CuarLes R. Gow, “History and Present Status 
of the Concrete Pile Industry.” 


Convention Paper—Durr A. ABRAMS, “Effect of Time of Mixing on 
the Strength and Wear of Concrete.” 


Convention Paper—W. A. Siater, “Structural Laboratory Investiga- 
tions in Reinforced Concrete Made by Concrete Ship Section, 
Emergency Fleet Corporation.” 


Convention Paper—W. A. Hutu, “Fire Tests of Concrete Columns.” 


Convention Paper—H. M. WESTERGAARD, “Moments and Stresses in 
Slabs.” 


Convention Paper—Grorcr E, Brees, “An Accurate Mechanical So- 
lution of Statically Indeterminate Structures by Use of Paper 
Models and Special Gauges.” 


Convention Paper—J. J. Eartey, “Building the Fountain of Time.” 
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THE Tasks Berore Us. 


OpENING ADDRESS By A. EF, Linpav.* 


It is my privilege, gentlemen, to call this meeting to order, to extend 
to you a word of welcome, and formally to introduce to you our twenty- 
first annual convention. Our convention culminates the year’s work; it 
measures, roughly, the annual output of our organization; and functions 
as a clearing house for the exchange of information and ideas of mutual 
interest. We are organized to serve the concrete industry in its many 
activities by providing an open forum where our common problems may 
be fully and freely discussed. By highly specialized committee work, par- 
ticular problems are solved, suitable specifications prepared, and rules of 
practice recommended. 

The work of the Institute being entirely voluntary, it is gratifying 
and also surprising to find that year after year a large number of our 
members will give unsparingly of their time and energy to share with us 
their knowledge and experience. When the burden of carrying on this 
work, in addition to the daily routine, seems irksome, when we are face 
to face with the question as to whether all this effort is worth while, we 
are apt to forget that the rate of progress in our field, as in every other, 
is in some proportion to the speed with which we communicate or inter- 
change our information. The ever surprising rate at which we are adding 
to our knowledge and advancing the boundaries of science can be accounted 
for to a large extent by co-operation in effort and improvement in our 
mode of communication. As we meet here annually, our increment of 
experience is added to the general fund, thereby making it available to our 
industry as well as to the community as a whole. 

At our last convention we turned our attention particularly to our 
achievements in the past, and more especially to the progress of the past 
twenty years. We have reason to feel proud of that record. A marvelous 
amount of work has been done. Our volumes of proceedings constitute 
a storehouse of information that is invaluable to all who are interested 
in concrete. Going through these volumes it would seem as though we 
had mastered our main problems, and that from now on we can concern 
ourselves principally with standardization of practice and refinement of 
method. We are tempted to pause on our journey even though we realize 
that we are not at our destination. But, we may only pause to catch our 
breath: we are not permitted to stand still, but must resume the journey. 
As we begin our second stage of twenty years, what are the obstacles in 
our way? What are some of the tasks immediately before us? 


*President, American Concrete Institute. 
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An immense fund of information has been accumulated regarding the 
properties of concrete, its resistance to the elements, its behavior under 
stress when subjected to external forces or load. By a vast amount of 
laboratory and field research, we have discovered many fundamental laws 
governing the making of a satisfactory product. But to what extent 
is all this information being utilized? It will be admitted, I think, that 
at the present time we are storing up data faster than we are making use 
of it. A visit to concrete jobs under construction will reveal the fact that 
the making of the concrete, the most important feature in concrete con- 
struction, does not generally indicate the advance that has been made 
in our knowledge of the matter. 

One of our difficulties, no doubt, lies in the inertia of trade practice. 
It has become the custom to produce concrete along certain accepted lines. 
The equipment and tools available, the handling and character of ma- 
terials have been adjusted to trade custom and are not readily changed 
or seriously modified without protest. 

This particular problem, then, seems to be one of education, of con- 
tinuing to spread broadcast the things that have already been learned. 
It is not a simple nor an easy matter. We are confronted with the task 
of modifying firmly established practices and habits of thought, of com- 
pelling attention to the possibilities of making better concrete, all along 
the line, from the designer of the structure to the man in charge of the 
mixing crew. Indeed, lack of knowledge concerning concrete is not con- 
fined to the humble workman who actually handles the materials, but is 
frequently found among those who sit in the “seats of the mighty.” This 
is not a reflection on those in charge of our structure, but rather a state- 
ment of the extent of the problem. The building industry has become 
exceedingly complex and highly specialized. By specialization we have 
become expert in a particular field, but this specialization has its draw- 
backs and disadvantages. The many questions that confront the architect 
or engineer in producing plans and specifications as well as supervising 
the construction of the structure, absorb his attention to such an extent 
that it is difficult for him to become expert in the knowledge of all the 
materials he uses. To him concrete is just one of the materials he 
requires. But concrete differs from other materials in that it is manufac- 
tured in the field, it cannot be accepted or rejected at the place of manu- 
facture. Each job in itself becomes a manufacturing plant, and the 
quality of the resulting product subject in a large degree to the varying 
conditions under which it is produced. 

It seems clear, then, that one of the tasks immediately before us is 
to reduce our knowledge of making good concrete to its simplest terms 
and carry that message to the man in the office as well as the man on the 
job. We hear a great deal these days of revival in craftsmanship, it 
seems to be a reaction to the continued demand for quantity production. 
But we are in the grip of quantity production, our economic situation 
seems to require it, and therefore it is not likely that this condition will 
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change. However, educating the man on the job holds out a promise 
of at least a partial solution of the problem, by enlisting the interest and 
attention of the workman in quality production. 

In line with our campaign of education, a very promising step has 
been taken in the matter of field control of concrete. Although considerable 
work has been done in this direction, the subject is new and the technique 
is undeveloped. At this moment it would be rash to predict how far these 
new methods will carry us toward the goal of better concrete. They do, 
however, carry the results of our research directly to the job and stimulate 
interest in obtaining a quality product. 

One of our tasks is to encourage this practice where practicable, to 
aid in developing its possibilities, and formulate, if we can, a satisfactory 
technique. 

We have attributed to concrete the quality of permanence to such 
an extent that the words are almost synonymous. Examples of concrete 
construction that have lasted since the time of the Roman Empire have 
been cited to illustrate the enduring quality of this material. But we 
are learning that there are conditions under which concrete may not be 
permanent. Many reasons have been advanced to account for this situation. 
Investigations have been made; especially of structures subjected to par- 
ticularly trying conditions. In some cases the main cause for the unsatis- 
factory situation could be clearly and definitely determined, while in 
others the causes are obscure. The investigation of a structure that shows 
symptoms of deterioration is naturally surrounded with some difficulties. 
Data that would be helpful is frequently not available—the publication 
of the facts impracticable for various reasons. And yet it is obviously 
of the greatest importance that a thorough study be made of the subject 
in all its phases in the hope that the destructive agencies may be isolated 
and satisfactory remedies applied. 

As we look about us we find on all sides work to be done, tasks already 
undertaken requiring completion, new areas that invite exploration. It 
may not be profitable to attempt to arrange these tasks in the order of 
their importance. Their importance changes with changing conditions. 
We have, for example, not considered it of first importance to give much 
thought to the properties of cement itself. It is generally agreed that our 
present product, when properly used, meets our requirements admirably. 
But there are indications that in our restless search for improvement, 
cement is about to be placed under observation and further study. The 
result of research here may carry in its train a whole series of new prob- 
lems and newer tasks to be accomplished. This situation, however, seems 
to lie some distance ahead. The matter of most urgent importance is to 
devise ways and means of obtaining quality concrete in our structures. 
When the task has been done there is reason to believe that one of the 
main causes of deterioration has been removed and that concrete will main- 
tain the reputation it has acquired, namely, that of being permanent. 


THEORY Must Arp PRACTICE IN CoNCRETE MAKING. 


By C. P. RIcHARDSON.* 


The statement: “Theory must aid practice in concrete making,” chosen 
as the subject of this paper, will be approved by the average engineer ; 
he will, however, have a very marked mental reservation as to just how 
far he will “go along” with this principle. 

He knows that a lot of excelent concrete was made before we ever 
heard of “scientific concrete,” scientific field control, Abram’s water-cement 
ratio, Captain Edwards surface area theory; Professor Talbot’s voids- 
cement theory, or other theories which have been advanced thus far. He 
also believes that a lot more good concrete will be made without any 
definite knowledge of these theories. He generally overlooks the fact, how- 
ever, that he is constantly making use, although unknowingly, of princi- 
ples which have been established in part by practicable field experience and 
in part by laboratory research. In other words, better concrete at the 
same cost, or better concrete at less cost, is being made through the use 
of correctly interpreted principles and practices obtained through scien- 
tific research. 

No experienced concrete foreman will allow mixtures to be used that 
are too harsh to be easily workable. He knows that fine sand requires 
more cement and more water to obtain the consistency which he desires 
for the particular work in hand. He has learned that, within the limits 
of a workable consistency which will eliminate “honey comb,” the coarser 
his stone and the more of it he uses, the sounder and harder the concrete. 
The influence of water on the strength and density was known in an imper- 
fect way by practical men before the relations of strength and the ratio 
of water to cement was developed by Professor Abrams. However, practice 
in general was farther away from scientific knowledge in this respect 
than in any other factor affecting the quality of concrete. Many other 
“rule of thumb” or practical principles developed by experience could be 
cited, which, unknown to the practical man, are now recognized through 
scientific research as fundamental to successful concrete work. 

Practical knowledge and experience will always be necessary in suc- 
cessfully applying any fundamental theory of concrete making. On the 
other hand, a knowledge of this fundamental theory will enable the prac- 
tical man to cease groping for practices to overcome defects whose cause 
he does not know. It sets limits for him beyond which he may not go, 
provides gauges not heretofore available by which he may measure the 
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effect of changes in practice to meet varying conditions. In fact, theory 
has now placed the practical man’s feet on the ground, released him from 
many uncertainties and given him the opportunity to apply his practical 
knowledge with confidence, and to develop his practice along definite lines. 

A personal experience along these lines may serve to illustrate the 
leading thought I have in mind. Not over ten years ago I was resident 
engineer on a project demanding the rapid deposit of large quantities of 
mass concrete. The work consisted, for the most part, of large sections 
of relatively high retaining walls which were poured each day. To make 
for speed the time of mixing was reduced to a minimum; to make a 
flowing or workable mixture water was added. The resultant concrete 
and surface finish of the walls was far from satisfactory. With the usual 
rigid adherence to the standard specified proportions of cement and fine and 
coarse aggregates experiments were confined to increasing the time of mix- 
ing and to adding or lessening the amount of water, but the results were 
always far from satisfactory. To make the narrative brief, I can say 
unquestionably that, had information as to the present-day methods been 
available at that time, there would have been much less experimenting 
and much better concrete obtained at less cost, the trouble in this particu- 
lar case being unusually wet and coarse sand and a strict adherence to the 
standard proportions of aggregates without regard to an analysis of the 
combined aggregates used on this work. 

It is not my purpose in this short paper to attempt a complete dis- 
cussion of any of the theories of proportioning now available, but, rather 
to outline some of the practical problems involved in their application, 
briefly mention the progress made by railroad engineers and suggest 
some ways that the concrete wizards can further enlighten the average 
engineer. 

The first practicable problem encountered is to understand the theories 
advanced by various investigators. Without such an understanding, the 
man who is to apply the theory must follow specific rules, the relative 
importance of which he cannot judge. Anyone who has had experience 
with concrete work knows the ever-changing variety of conditions confront- 
ing him. None of the factors affecting the quality of the concrete is con- 
stant. The aggregates vary in grading and in maximum size. The 
moisture in the aggregate changes from day to day and with successive 
shipments. The ease or difficulty of getting the concrete from the mixer 
into the forms is almost never the same, even on the same job. In order 
that the practical man may cope with these conditions he must be informed 
as to the fundamental principles of concrete mixtures. Simplification of 
the scientific expositions coming from laboratories and concrete experts 
is necessary before we can expect the full advantage of research about 
concrete. Papers like those on this program will do much to make these 
seemingly involved theories understandable by the common, practical man. 
I do not mean by this to criticise laboratory publications as such. They are 
evidently written largely from the investigator’s point of view and to a 
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certain extent to forestall attack from other investigators. The engineer 
or practical man is not so much interested in attacking a theory as he is 
in understanding its practical value. He simply isn’t interested in it, if 
he can’t understand it or put it to good use. The first thing to do, there- 
fore, is to reduce a theory that. is to be applied in practice by a great 
number of non-technical men to its very lowest terms. I believe this is 
best done by making clear the fundamental principle or law of the theory. 

Of the various important theories which have been advanced with a 
view of bettering the making of conerete, I want to draw particular atten- 
tion to the water-cement ratio which has been thoroughly developed by 
Prof. Duff A. Abrams. This simple theory, I believe, marks the way for 
better concrete by serving as the ground work with which all other theories 
can be utilized further to amplify its value. 

As I understand it, the fundamental principle of the water-cement 
ratio is that within the limit of workable mixes, the strength of concrete 
bears a definite relation to the ratio of the total, volume of water in the 
min to the volume of cement used. All other factors such as grading of 
aggregates (fineness modulus), fineness of sand, total aggregates to cement, 
etc., depend for their influence on strength, to their influence on the ratio 
of water and cement necessary to make a plastic mixture. That is, nothing 
has a vitally important bearing on the strength of the concrete except as it 
affects the ratio of the water to the cement that must be used for the 
work in hand. This suggests that in all discussions of Abrams’ theory 
we should start with this fundamental truth and trace the effect of each 
other factor on this ratio. It has already been advanced and with good 
reason that a practical man can mix his concrete to any desired plasticity 
within the limits of his experience as to what will make satisfactory con- 
crete, by varying the proportions of aggregates as his judgment dictates 
without altering the strength of the resulting concrete, so long as he does 
not change the ratio of the total water to the cement. This gives us 
something to start with—something that a foreman can understand and 
work with. Of course there is the unknown factor of the amount of 
moisture already in the aggregate, but a drying pan, a measure and a 
pair of scales are all that is necessary to find out how much this is. 
Obviously, the greater amount of aggregate used with no change in the 
amount of water the dryer the consistency and the greater the yield. 
Tests have been made especially designed to check up whether a constant 
strength will be obtained by keeping the water constant, and changing 
the aggregate at will, so long as the limits of proper plasticity are not 
overstepped. These tests show practically no change in strength over a 
wide range of proportions. 

We must, therefore, conclude that arbitrary proportions such as 
1:2:4 have no meaning insofar as the strength of the concrete is concerned 
if the total quantity of water used is not kept constant. Strengths vary- 
ing as much as 100 per cent may be had with the same apparent proportions 
of cement and aggregate by changing the water ratio. Obviously, therefore, 
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a third constituent should be added to the proportions for concrete, 
namely, water. The proportions would then be stated cement, water and 
aggregate, and of these three, the most important is water. 

; In addition to the direct effect of water on the strength of concrete, 
it has an indirect effect, the importance of which has not been fully 
appreciated by concrete users throughout all the years that concrete has 
been extensively used. I refer to the bulking effect of moisture in sand. 
It is known that all sands suitable for concrete bulk or expand as moisture 
is added, up to a certain percentage of contained moisture. This bulking or 
expansion amounts to as much as 40 per cent maximum for many sands 
and is almost always so great as to make field measurements far from 
what is expected. Thus, if the sand is dry, ten wheelbarrows of it will give 
much more actual sand than will ten wheelbarrows of sand that has 
bulked 25 per cent or 30 per cent. In other words, 25 to 30 per cent 
less sand will be used in the mix if it is measured when wet rather than 
when dry. Practical men have often been bothered to explain why they 
had sand left over, or why the cement used did not check up with yield 
of concrete obtained. An answer is found in the bulking of the fine 
aggregate. 

It seems worth while, here, to point out that the customary published 
tables of quantities of cement and aggregates are based on a measure of 
aggregates under standard conditions and can only give rough approxima- 
tions of the actual quantities required when measured as received in the 
field. If the total aggregate vary 20 per cent in the amount used, even 
when the field measuring is so well done as to give uniform apparent 
volumes, how can such tables have any reliable meaning? Not only do 
standard proportions, such as 1:2:4, have no meaning, but, also, the usual 
tables of quantities have no reliability. 

Concrete experts should produce tables that are based on the scientific 
knowledge we now have about concrete; but tables should also be made 
that can easily be understood and used with simple corrections relative 
to the variable factors. As data accumulate as to the effect of these 
variable factors, they can be analyzed, tabulated and made available for 
the use of contractors and estimators. 

As a general rule, railroad concrete work is carried on at widely 
distant points and in quantities varying from a few to thousands of cubic 
yards. Some of it is done by company forces and some by contractors. 
The first consideration of the railroad engineer, in planning any con- 
struction, is safety. Rigid and detailed specifications constitute one of 
the methods of the railroad engineer in securing the kind of work he 
wants. Field control methods should be included in these specifications, 
but to be of any value they must be of such a nature that they can be 
easily interpreted by contractors and construction forces. Such a specifica- 
tion may be in existence, but I have never seen it. Probably the only way 
such a specification can be obtained to take care of railroad conditions 
is through the railroad engineers themselves. Specifications and instruc- 
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tions prepared by a committee of this Institute, composed of railroad en- 
gineers, would undoubtedly be best adapted to the conditions of railroad 
construction. The work described in papers presented today, together with 
the experience gained on a number of other railroads, form a sufficient 
background for an intelligent approach to the problem. Scientific field 
control methods on the Sidney bridge of the Big Four Railroad, the 
Rigolets Pass bridge of the L. & N., the Newark Bay Bridge of the Cen- 
tral Railroad of New Jersey, were described in proceedings of the Institute, 
1923. Full test data and discussion of the latter are contained in the 
January Proceedings of the American Society of Civil Engineers. In addi- 
tion to these, several other railroads have gone more or less into field con- 
trol methods. 

The Northern Pacific Railway Co., New York Central, the Canadian 
National (Western Region) and other lines have taken definite steps to 
standardize methods of making concrete. The railroads are not alone in 
taking steps to establish more perfect methods in their concrete work, 
but the references cited indicate considerable progress being made by them. 

Detailed.reports on the use of modern scientific principles in connection 
with important projects are now available. We are greatly indebted to 
the engineers who have done this work, and without reservation on their 
part have presented to the engineering profession detailed information as 
to the methods used, the various problems involved, and the results that 
were obtained. 

I find, however, that the average engineer evidences a considerable 
hesitancy in adopting these methods on his particular project. He is 
inclined to question their practicability, due to a belief that their use 
demands a greatly increased cost of inspection and supervision which could 
perhaps be better invested in additional cement. He can also cite instances 
of the use of additional cement as a result of these newer methods. He 
fails to appreciate, however, that the true reason for this increase is due 
to the fact that, by the use of these principles, the engineers’ attention is 
generally directed to the strength of the concrete, and he often finds that 
he is not producing the quality of concrete that he had planned for that 
class of work. With the product failing to meet the designed strength, 
there are times when the more economical method is to increase the cement 
content rather than lessen the water and make a change in the aggregates 
which are available on the particular project. On the other hand, if con- 
crete is being produced with a strength as demanded by the adopted 
design stresses, the same modern methods show the way to reduce the cost 
of this concrete by a simple adjustment of the water content and the rela- 
tive mixture of the aggregates with the resultant saving in cement and in 
the cost of the concrete as a whole. 

There is no question in the mind of the speaker but that the use of 
modern scientific principles does result in better concrete at the same 
cost or an equal quality of concrete at a less cost, and by directing attention 
to the quality or the strength of the concrete being produced under the 
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usual field conditions, will go a long way toward the bettering of the 
concrete work of the future. 

The average engineer, however, will continue to believe that these 
principles are too complicated or involved, until such time as the methods 
utilized in the laboratory work can better point the way to more simple 
methods which are practicable under normal field conditions. 

With the data, which have been obtained through experience from 
many sources, analyzed, sorted and arranged, those of us who have to work 
out a way to overcome our own particular problems, could be saved a lot of 
time. No one who is not over-conservative, will contend that we will con- 
tinue to go along as we have been, in the practice of making concrete. 
Neither will anyone who has spent hours, days and weeks, trying to find 
out what these scientific theories are all about, contend that he has 
been properly treated by those who have done the scientific research. 

Theory must aid practice by being practical, by recognizing the limi- 
tations and preconceived ideas of the practical man. Theory must talk 
the language of the practical man, must take itself to his work in the 
field, must understand what can and what cannot be done with Bill and 
John who do the work, must reduce itself to processes that are so simple 
and safeguarded that a “hunkey” of average intelligence cannot go wrong. 
Theory must produce for us tables, constants, factors, etc., for use in 
simple arithmetic computations. It must aid in the development of equip- 
ment and machinery that will carry out its laws expeditiously, eco- 
nomically and with certainty. 

When this is done, practice will follow the correct theory, better con- 
crete will be produced, great economies obtained and an added impetus 
given to the already increasing use of concrete in all branches of con- 
struction work. 


Mr, Humphrey. 


Mr. Richardson. 


Mr. Humphrey. 


Mr. Lindau. 


DISCUSSION. 


RicHarD L. HUMPHREY.—I was interested in Mr. Richardson’s remarks 
that for railroad work it will be necessary to have a committee of railroad 
engineers to prepare specifications for their work. What is there so diffi- 
cult about railroad work that specifications that are amply satisfactory 
for other work could not be used in railroad work? 

Mr. RicHarpson.—The idea I intended to convey is that railroad work 
consists of a large number of relatively small pieces of work distributed 
over a large territory where inspection and supervision are minor consid- 
erations at the present time. To make use of these more modern princi- 
ples on those smaller jobs is a problem which I myself am hardly able 
to pass upon. I believe that it should be looked into and possibly some 
very simple rules could be established that could be practically put into use 
on those widely distributed jobs. 

Mr. Humpurey.—I have an idea that there are other small jobs on 
which the hundred and thirty or forty million barrels of portland cement 
are used besides large public structures; in fact, the bulk of our cement is 
used on small jobs. Now the need of better concrete on large jobs that we 
can control is the first step in getting after the use of better concrete on 
the small jobs, and I think we will agree that there are very few of the 
large jobs so far that have put in those methods, so there is plenty of 
opportunity for work. Now, when it comes to the small jobs, it would 
seem to me that instead of having a committee of railroad engineers, you 
ought to have a committee made up of representatives of that type of 
work and see how those rules that are applicable to the large job should 
be modified or what other additional rules are necessary to take care of 
controlling the concrete on the small jobs. 

Mr. Linpau.—It would seem to the chair that the railroad work offers 
an opportunity for taking care of the small jobs that perhaps the average 
run of work does not offer, insofar that it might be possible for a railroad 
to train a crew in the making of good concrete and keep that crew busy 
over a large territory if they do their work themselves. Of course when 
a railroad contracts for work which they would do in the more important 
cases rather than small jobs, that is more difficult to handle. 
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CoNCRETE MIxTURES UNDER FIELD ConDITIONS. 
By T. P. Watson.* 


The general interest shown in methods to improve the quality of 
concrete is proof that we are going to profit by the rather unsavory past 
and at last are ready to admit there is something to be learned and accom- 
plished by a more rational attitude toward the essential requirements 
which are necessary, if we are to obtain the best results. Why have we 
had concrete failures? We have had concrete failures in the vast majority 
of cases because of lax or incompetent supervision and inspection during 
construction and not on account of faulty design or materials. 

We must have competent supervision and inspection to have good 
concrete work. You can not supervise a concrete job from an office by 
reading daily reports and progress photographs. The place to supervise 
a concrete job is on the ground and supervision should be so arranged 
that the only duties of concrete inspectors are the inspection of the mixing 
and placing of concrete. The concrete inspector is a vital factor in the 
life of a concrete structure. He should be a man with practical experience 
and “concrete sense” and one who will personally supervise the placing of 
every batch of concrete. Don’t load him up with clerical work filling in 
forms and reports. I have never known a good inspector who did not 
find it burdensome to do any kind of clerical work. Arrange to have 
someone else make up reports and permit the concrete inspector to attend 
to his real duties and his time will be well taken up. 

We have just completed a reinforced-concrete structure in Pittsburgh, 
known as the Beck’s Run Bridge. ‘This project involved the placing of 
5,000 cu. yd. of mass concrete and 104)00 cu. yd. of reinforced concrete. 
We feel that the results we have obtained will be a lasting monument to a 
“real concrete inspector,” who was present when every batch of concrete 
was placed in this structure. 

All the concrete for this project was designed for a definite 28-day 
strength using the theory of “Design of Concrete Mixtures” by Prof. 
Duff A. Abrams. We designed mixtures for varying strengths from a 2,000 
lb. minimum strength to 4,000 lb. maximum strength, using all the available 
commercial sizes of local river sand and gravel. We used the various 
sized aggregates to prove out the theory under actual working conditions. 
Regardless of the size of the aggregates used, we obtained uniform strengths 
using proportions in accordance with Prof. Abrams’ theory. There is a 
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marked economy in the use of cement by using the larger-sized coarse 
aggregates so long as they are graded down to the smaller sizes. 

We experienced a wide variation in the workability of the concrete 
using different sands. Sand with a maximum size of 4% in. made much 
more plastic and workable concrete than sands with larger maximum 
sizes. I will outline as briefly as possible our method of designing concrete 
for a specified strength using as a basis Bulletins 1 and 9 of the Structural 
Materials Research Laboratory, Lewis Institute, Chicago. The proportions 
are of a unit of cement to units of dry rodded sand and coarse aggregates. 
Sand and gravel loose and moist, as they were placed in the concrete 
mixer on our work, contained various percentages of moisture and bulked 
accordingly. This was especially true of the sand so that in order to 
have uniform amounts of sand in our concrete mixtures it was essential 
to make determinations of the ratio of the volume of the loose materials 
to the volume of dry rodded materials. 

Our first procedure was to obtain representative samples of the sand 
and gravel to be used in the concrete and to determine the moisture con- 
tent and the bulking of each. For these determinations we used a cylindri- 
cal metal receptacle with a cubical capacity of % cu. ft. We filled this 
receptacle with the sample of loose sand and weighed it. We then dried 
this sand and weighed it. The difference in the weight of the moist sand 
and the dry sand was the moisture content. We then filled the receptacle 
with dry sand in three equal layers, rodding each layer twenty-five times 
with a *%4-in. diameter tamping rod and leveled off the top of the sand 
with the fingers. By dividing the weight of the dry rodded sand in the 
full receptacle by the weight of the dry sand of our sample, we had deter- 
mined the ratio of bulking of the loose moist sand to a unit of sand dry 
and rodded. The same procedure was followed in determining the moisture 
in the gravel and its bulking. By a series of bulking tests of Pittsburgh 
gravel of various sizes we found that the gravel bulks 8 per cent or for 
our purpose we considered 108 per cent as constant, the volume of loose 
gravel to a unit of gravel dry and rodded. a 

We next made a sieve analysis of the sand and gravel separately, using 
a set of United States Standard square mesh sieves whose sizes are 100, 
50, 30, 16, 8 and 4 per linear inch and %& in., % in., 114% in. and 3 in. We 
used a 50-oz. sample of the dried sand and a 100-oz. sample of the dry 
gravel in making our sieve analysis. The percentage of the particles of the 
aggregate by weight retained on each sieve was obtained and the sum of 
these percentages divided by 100 gave us the fineness modulus. 

To illustrate, we will assume that the sieve analyses of the sand and 
gravel were as follows: 


Size of Sieve ....100 50 30 16 8 4 &% % 1% 3 FM. 
Sands seers 99 88 30 £15 8 1 0 0 0” 0 22:41 
Gavel oo Peart eere 100 99.7 99.4 98.8 98.3 96.9 91.7 64.7 26.0 0 7.75 
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We now have determined the following: 


Bulking of loose sand 


ing oF loose sand”... o.. .: 125 per cent 
Bulking of loose gravel 


ascent pans 108 per cent 


Fineness modulus of sand ....... 2.41 
Fineness modulus of gravel ...... 7.75 
SizevOb sande thee eee on me 0 to No. 8 


Size Ole PTavell mre samen ner esa 36 to 2 in. 


The size classification of aggregates is determined from the sieve 
analysis. At least 15 per cent shall be retained on the sieve next smaller 
than that considered the maximum size and not more than 15 per cent of a 


Receptacle Fullof moistand loose Sand Weight 43.7/bs. 


Jame sand as above dry Weight 40.8105. 
ss Morsturé 2.9/bs. 
90.8 =f Farcentage of (Moisture 7a dry sand 


kecepracle ful farytrodded Sand Weta/rt 5//bs. 


Bilking~ Ea [25% the volume of no/sf loose $a77¢ 
to a unitof sand ary and reddad. 


Bilking- Pittsburgh District River Gravels - 108% rhe 
Yojuine of /oosé grave/ to gravel dry and rodded. 


DETERMINING BULKING PER CENT. 


coarse aggregate shall be finer than the sieve considered as the mini- 
mum size. 

For instance, a graded sand with 15 per cent retained on the No. 8 
sieve would fall in the 0-No. 4 size; if 14 per cent or less were retained, 
the sand would fall in the 0-No. 8 size. A coarse aggregate having 16 per 
cent coarser than the 2-in. sieve would be considered as 3-in. aggregate. 
The l-in. and 2-in. sieves are not used in determining the fineness modulus 
of coarse aggregate but should be used for the size classification. We now 
have sufficient data to design concrete of any strength desired with the 
very important exception of the water required, which element I will take 
up later. 

Our next step was to decide on the workability or plasticity of the 
conerete required for the particular part of the structure to be poured. 
In other words, workability or plasticity should mean the use of the driest 
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concrete possible consistent with common sense. At Beck’s Run we used 
the following consistencies and obtained excellent results. For gravity 
sections where it was possible for men to be in the forms we used a slump 
of 3 in. For reinforced concrete where it was not possible for men to be 
in the forms but where it was possible for men to puddle the concrete with 
long-handled hoes and paddles we used a 4-in. slump. For reinforced-con- 
crete where it was impossible for men to be in the form and impossible to 
reach the concrete with any practical puddling device we used a 6-in, slump. 
We then decided on the strength required. 

To illustrate, we will assume that we are pouring a gravity section 
abutment with 2,000 lb. concrete required and that we will use a 3-in. 
slump. 

We have found by the sieve test that the sand size was 0 to No, 8 
and the gravel size % in. to 2 in. By referring to the tables in Bulletin 9 


leu ft of sand ary apd roddzd | Welgtt 102 lbs. 
leu ft of gravel ary and rodded Weigh? 104 /bs. 
Vi x-Bvllttin- 1.0. 2.2:4.8 
22 cuft of sand dry and rodded @ 102 lbs. = 224.4/bs. 


48 cu ft of gravel dry and roddad@ /04 lbs. = 499 2/bs. 
7.0 cUft LY volume saparatcd = 723.6 05. 


22 3/%e Perctétetage of sand in mix. 
leuft of arrixture ofaggregates dryand rodded containing 


a oP Sand and 69% grave/ =/20.7/bSs. 
7OX 120.7= G44.9 


Wald: ZEZE = 85.7% 
Tree h7ix= 70x85 7%= 6.0 cuft of combined dryand roddad 
aggregates to (sack of cement (leuff) or True 7/ X= 1260 


PROCESS OF TRUE MIX DETERMINATION. 


for 2,000 lb. concrete, we find under fine aggregates size 0 to No. 8 and 
coarse aggregate size 3 in. to 2 in. for a 3 to 4-in. slump, a proportion 
of 1 cu. ft. of cement (one sack) to 2.2 cu. ft. of sand dry and rodded and 
4.8 cu. ft. of coarse aggregate dry and rodded. This proportion with the 
proper amount of water could be used were it not for certain necessary 
corrections which I will explain later. 

The Abrams theory of mix is based on what is termed the true mix, 
or the proportion between a cubic foot of cement (one sack) and units of 
dry sand and dry coarse aggregates combined and rodded. If we combine 
and thoroughly mix the 2.2 cu. ft. of sand and the 4.8 cu. ft. of gravel of 
our example and would place them in a receptacle, the resultant volume 
would be less than the volume of the two aggregates measured separately 
as the sand would fill in the voids in the gravel. 
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VIEW OF ONE OF THE COMPLETED PIERS. 


ured from a mixer which discharged about 15 ft. above 


the top of the pier into trunk chutes that reached down to the level of the con- 
the chute were removed as the level of the 


crete in the forms. The sections of 
f pier and the condition of the surface and 


The concrete was po 


concrete raised. Note the lines 0 
corners. The concrete in these piers was poured with a 6-in. slump using coarse 


aggregate of a maximum size of three-quarters of an inch and designed for 
2,000 lb. strength. 
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By the results of a series of determinations using the Pittsburgh aggre- 
gates we found that this decrease in volume was 86 per cent of the separated 
units of sand and gravel in varying proportions. Therefore the true mix of 
our example would be the proportion of 1 cu. ft. of cement (one sack) to 
86 per cent of the sum of 2.2 and 4.8 or 6.02. The true mix then is 1 cu. 
ft. of cement to 6 cu. ft. of combined sand and gravel dry and rodded. 

To facilitate the operations as outlined on a previous page, we made 
tests and determined the average weight of a cubic foot of sand dry and 


VIEW SHOWS METHOD OF CONSTRUCTION, 


Traffic discontinued on two tracks of the old structure from which the new 
piers were built complete. The viaduct supporting the abandoned tracks was 
then razed and three concrete girders and one-half of the concrete slab com- 
pleted. Traffic was then transferred to two tracks on the finished half of the 
Seructure: and the remaining old viaduct removed and the last half of the bridge 
completed. 


rodded and a cubic foot of gravel dry and rodded. We then made deter- 
minations for the weights of a cubic foot of mixtures of sand and gravel 
dry and rodded. This we did by making mixtures of 10 per cent sand and 
90 per cent gravel, 30 per cent sand and 70 per cent gravel, 40 per cent 
sand and 60 per cent gravel, etc., and ascertained the unit weights of each 
mixture dry and rodded. Having these unit weights the determination of 
the yield is a very simple proposition. Unit weights should be determined 
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of aggregates for the various sizes from each source of supply as the 
aggregates from different sections of the country have varying properties 
peculiar to themselves and their weights are likely to be quite different. 

I referred to necessary corrections to be made to the proportions 
taken from the tables in Bulletin 9. Our reasons for these corrections 
were: 

l. That the grading of the gravel received on the work was 80 
variable that it was necessary to actually design a mixture for each car- 
load of aggregate used in order to get uniform concrete. For instance, we 
had carloads of gravel of which 30 per cent would pass a No. 4 sieve. 

2. The Pittsburgh district gravel contains a large proportion of flat 
particles and in order to secure the proper amount of mortar in the con- 
crete it was necessary to increase slightly the sand and decrease the 
quantity of gravel. 

Mr. Abrams in Bulletin 1, Table 3, has compiled a table of “Maximum 
Values of Fineness Modulus of Aggregates,’ together with corrections for 
various materials and states “that for pebbles consisting of flat particles 
reduce the values shown in Table 3 by twenty-five one-hundredth (0.25) .” 

We have obtained very satisfactory results by following this suggestion. 

In order to take care of these corrections it was necessary, as stated 
before, to redesign the proportions taken from Bulletin 9. This we did by 
using the values of fineness modulus of aggregates in Bulletin 1, Table 3. 

Earlier in the design of our mixture we found the true mix to be 1 to 
6 and by our sieve test we found that the maximum size of our aggregate 
was 2 in. so that the size of our combined mixture of sand and gravel 
would be from 0 to 2 in. 

In Bulletin 1, Table 3, we find values of fineness modulus of aggre- 
gates sized from 0 to 2 inches and a mix of 1 to 6 to be 6.05. Making a 
deduction of twenty-five one-hundredths for the flat particles as explained 
before we obtain the fineness modulus of our mix 5.80. 

We are now ready to correct our proportions. This is done by using 
a formula and the aggregates of our example as follows: 


A—B 
‘P1006 


A—C 
Where 


P — percentage of fine aggregate in total mix. 
A = Fineness modulus of coarse aggregate (7.75) 


B= 4 2 “ final aggregate mixture (5.80) 
C= fra - “ fine aggregate (2.41) 
or 
75 — 5.80 ; ; 
P = 100 ial Airetons — 36, the percentage of sand in the total mixture. 
7.75 — 2.41 


We found the total mixture was 2.2 and 4.8 to make a true mix of 
1 to 6. Therefore 36 per cent of the sum of 2.2 and 4.8 gives us 2.52 
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cu. ft. of sand and the difference between 2.52 and 7 is 4.48, the cubage 
of the gravel. 

We now have the proportion of 1 cu. ft. of cement to 2.52 cu. ft. of 
sand and 4.48 cu. ft. of gravel but it is still necessary to take another step 
to determine what volume of loose materials we are to place in the mixture 


TAKING THE TEMPERATURE OF THE CONCRETE. 
JISBS 


as the proportion 2.52 cu. ft. of ’and and 4.48 cu. ft. of gravel is for 
volumes dry and rodded. 

Our first determination showed us that the sand loose bulked 125 
per cent and the gravel loose bulked 108 per cent, therefore by multiplying 
2.52x 125 per cent we obtain 3.15 cu. ft. of loose sand and by multiplying 
4.48x 108 per cent we obtain 4.84 cu. ft. of loose gravel. We now have 
the proportions of the volumes of cement and aggregates to place in the 
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concrete mixer to be 1 sack of cement, 3.15 cu. ft. of loose sand and 4.84 
cu. ft. of loose gravel. Knowing these proportions the size of the batch is 
determined by. the capacity of the mixer. 

Now these proportions would make 2,000 lb. concrete providing the last 
and one of the most important ingredients is added in the proper quantity. 

We gauged the water content entirely by the slump test. We did 
this by assuming that an estimated amount of water would give us the 
desired slump when we started in the morning and we would make at least 
two slump tests to check up our estimated water content. If these slumps 


MAKING A SLUMP TEST. 


A slump test is a method of control to prevent the use of too much water 
in concrete. A slump test is made by using a metal receptacle shaped like a 
frustum of a cone, 4 in. in diameter at the top, 8 in, at the bottom and 12 in. 
high and a % in. blunt pointed rod 21 in. long. Fill the receptacle with the 
conerete to be tested in layers approximately 4 in. deep and rod each layer 
exactly 30 times. Then immediately lift the receptacle vertically and carefully, 
and measure the settlement of the truncated cone of concrete from its original 
height by placing the receptacle alongside the concrete and measuring with a 
rule the settlement or slump of the concrete. 


were about 3 in., we then placed the same quantity of water in each 
batch. Throughout the day if nothing unusual developed in the working 
of the concrete, we would make four or five additional slump tests to 
check the water. If our inspector noted any change in the uniformity of 
the concrete, that is, if it appeared too wet or too dry he immediately 
made slump tests to cut down the water if the slump was over 3 in. or to 
add additional water if the slump was under 3 in. 

Our gaging of water by the slump test using Pittsburgh river aggre- 
gates up to a maximum size of 2 in. has been checked against the theo- 
retical quantity of water in accordance with Bulletin 1 and we have found 
that the water content as determined by the slump test was almost 
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exactly the same as the theoretical water content. We made 6 x12 in. test 
cylinders in accordance with standard practice and had them crushed at 
a commercial laboratory at the expiration of twenty-eight days. One of 
these test cylinders was taken from each 40 cu. yd. of concrete placed in 
the superstructure and the results of these tests prove conclusively the 
soundness of this theory of designing concrete mixtures. 

There are a few essential points I would like to bring out in connec- 
tion with the placing of concrete at the Beck’s Run Bridge which are 
relevant. 

We did not permit chuting from a central plant. 

We insisted on two minutes’ actual mixing time after all the ingredi- 
ents were in the mixer. 

We covered all horizontal surfaces with 3 in. of sand as soon as the 
concrete had set sufficiently to permit it and we kept the sand moist by 
sprinkling it twice daily to aid the proper curing of the concrete. 

All the cement used on the work was furnished by the railroad com- 
pany and was tested for 28-day strength before shipment from the cement 
mill. 

We made colorimetric tests of all sand used in accordance with the 
standard test for organic impurities in sand and concrete of the American 
Society for Testing Materials. 

We had a mixer in good physical condition. 

We had an accurate batching device for measuring separately the sand 
and gravel placed in each batch. 

We made an accurate measurement of the water added to each batch. 

The contract for this work was let before we knew anything about 
this method of designing concrete mixtures and I do not think that the 
carrying on of this method in any way increased the contractor’s expense. 

There was no additional expense to the railroad company, as the same 
engineering force would have been employed on this work even though we 
had mixed our concrete by the old methods. 

The method of designing concrete as described in this paper appears 
at first very involved, while, as a matter of fact, once the basic principles 
are understood there is no reason why this method cannot be applied on any 
work regardless of its size. 

I cannot impress too strongly on you to whom the design of concrete 
mixtures is new the absolute necessity of adopting standard methods for 
making all your tests and determinations as set forth by the American 
Society for Testing Materials. 

Every factor in the making and curing of test specimens has a direct 
bearing on the relative results or values of the tests. 

All test cylinders should be made at the mixing plant under as nearly 
uniform practice as is possible, as it is usually very difficult to get repre- 
sentative samples from the forms. If specimens are taken from the forms 
they should be taken from batches from which comparative specimens have 
been taken at the mixing plant. 
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GRAPHICAL EXAMPLES OF THE BULKING OF DIFFERENT SAND CONTAINING 
VARIOUS AMOUNT OF MOISTURE. 
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GRAPHICAL EXAMPLES OF THE BULKING OF DIFFERENT SAND CONTAINING 


VARIOUS AMOUNT OF MOISTURE. 
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Test cylinders should be made at a point where they will remain 
untouched for forty-eight hours. Our experience in the matter of curing 
test cylinders is a good example of the lack of taking proper precautions 
to insure uniform results. As stated before, we made our test cylinders 
as prescribed, cured them in the air 48 hours, buried them for 24 days 
and sent them to a local laboratory to be crushed at the expiration of 
28 days. We obtained remarkably uniform results from the cylinders made 
in the warm weather and buried in damp sand under a field office. ; 

When the weather became colder we buried the test cylinders in a 
shallow cellar. Too late we found the temperature in the cellar approached 
the outside variations. We hastily installed a heating system which 
experience has taught us was very defective. Cylinders cured in the cellar 
without heat were uniformly lower in strength, while the specimens cured 
in the heated cellar were erratically higher in strength. The gas heater 
installed was placed in the center of the cellar and as time went on the 
heat dried out the earth in the cellar and the cylinders when tested gave 
different results traceable to the varying conditions in the curing. Those 
near the outside walls gave lower strengths than those nearer the heater. 
Some of the latter when uncovered were comparatively dry on the upper 
side and moist on the bottom. 

Some of the test cylinders of concrete placed in cold weather were 
cured’the first 48 hours in the corner of a frame boiler house. An examina- 
tion of these specimens disclosed that the side nearest the boiler dried 
faster than the opposite side and the crushing of these cylinders invariably 
developed a vertical fracture down the center of the specimen. 

The point that I am trying to bring out is there should be a standard . 
practice for the carrying on of field tests which would be specific and prac- 
tical for any situation and especially as it affects curing of test specimens. 

Some device or method for the curing of specimens the first 48 hours 
at a constant temperature, summer or winter, should be developed, and the 
curing for the longer period in damp, sand could be carried out under the 
same conditions at a very slight expense, which would insure field test 
cylinders of some value as compared with the haphazard practices which 
obtain as a general rule on the average construction job where test cylin- 
ders are being made. 
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CHARLES E. NicHoLis.—You speak of using accurate measurements for 
aggregates; did you use commercial batchers of sand and stone or some- 
thing you designed yourself? 


Mr. Warson.—We used Blaw-Knox batchers. 


C. B. Foster.—Were any tests made as to bridging or arching of con- 
crete around the rods? I have found that concrete will bridge and leave 
a void under the rod and not make a good job. 


Mr. Warson.—We are perfectly satisfied that we had nothing like 
that happen. The concrete girders of this structure were heavily rein- 
forced. The bottom center section had four layers of eleven 114-in. square 
twisted rods spaced on 3-in. centers in the vertical plane and the rods 
spaced 4-in. centers in the transverse plane. 

Before we commenced pouring concrete we placed a batch of mortar, 
of the same consistency as the mortar in the concrete, to a depth of 1 in. 
on the bottom of the girder for a distance of about 10 ft. We then com- 
menced placing the concrete from one end of the girder to a depth of 2 ft., 
of such a consistency that the weight of the concrete displaced the mortar 
previously placed and rolled it ahead of the concrete. 

The concrete was of such a consistency that by puddling with paddles 
we had a homogeneous mass that flowed between the rods. We paid par- 
ticular attention to the inspection of this operation to avoid bridging and 
voids so that in the construction of sixty-five 40-ft. girders we did not 
have 3 sq. ft. of honeycomb on the entire surface of the girders and at the 
points honeycombed the depth of voids was negligible. 


Henry L. Howe.—I would like to ask whether you made any compari- 
sons between the laboratory loose method of measuring material and the 
results that are actually obtained with the Blaw-Knox batchers? 


Mr. Warson.—That is a good point. In making all these determina- 
tions there is a certain amount of common sense and practical knowledge 
required. Some might think that the measurement of a unit of loose sand 
by volume regardless of conditions would give you the same net volume. 
This is not true as the density of the sand in the measuring device will 
vary according to the method employed for charging the measuring device. 
The density of sand measured loose in a wheelbarrow will vary con- 
siderably from sand measured in a batcher charged from a hopper, or a 
different density of sand would be obtained to some extent from whatever 
different method was employed. We approached as near as we could in 
making our field determinations the fall of the sand in the hopper. 

In other words in making our bulking determinations we dropped the 
sand into our receptacle from a fixed height estimated to be the average 
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mixer and separating it back into its original parts of sand and gravel 
and found that the proportion of sand was practically the same as our 
designed volume. 


W. A. SLarer.—The information that has been given here brings out 
the importance of a fact we observed in connection with the tests to 
check up the strength given in the Joint Committee Report tables. These 
tests were made at the Bureau of Standards last fall, on concrete of 72 
mixes seleeted from the Joint Committee tables. On plotting the strength 
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against the water-cement ratio, we found that the curve, , fitted 


w 

Te 
the average of the points fairly well, but that the spread above and below 
fall of the sand from the hopper into the batcher so that our test would 
approach the same density as the sand in the batcher. We checked this 
on several occasions by taking a unit of freshly-mixed concrete from the 
the curve was very much more than desirable. In fact there seemed to 
be two or three distinct curves, depending on certain properties of the 
aggregates. After searching for some time, someone suggested that we 
had harsh mixes, and following that clue, we cut out all the points in 
which the sand was less than one-third of the total aggregate. We found 
that when we cut out those points all the rest except two or three fell 
on or above the water-cement ratio curve, and that came to my mind in 
connection with the following of these mixes. I noticed that in the mix 
arrived at, the sand was considerably less than one-third of the total aggre- 
gate, but on account of the change in the mix, you finally arrive at a mix 
which had more than half of the sand. I do not want to speak of what 
IT have said here as perfectly general, because I suppose it is too much to 
expect this to be of general application without fail, but I think it is a 
precaution probably worth observing, that the sand ought to be equal to 
or greater than one-third the total aggregate. 


Mr. Watson.—In placing the 15,000 cu. yd. of concrete in this struc- 
ture we changed the proportions of the batch for each car of sand and 
gravel used. 

We did not attempt to use specified graded aggregates until we found 
by experiment which of the aggregates were most suitable for the various 
parts of the structure. The mixtures ran in very strange proportions. 
Upon one occasion, we were unable to mix a full batch as the designed mix 
had such a large proportion of sand that we could not measure the volume 
of gravel required because the gravel batcher was not designed to measure 
a volume so small. This only applied when we were using an extremely 
coarse sand and an unusually coarse gravel. This sand was so coarse that 
it was not economical or desirable to use it and the remaining cars on hand 


were not used for concrete aggregate. 
The designing of the mixtures for this work disclosed that we did not 
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have ten mixtures of loose materials that the proportions were actually 
identical. Some were very close and I do not mean to infer that it is 
impossible or impractical to use a fixed proportion under certain conditions 
but we were proving out the theory of the designed mix and were trying to 
satisfy ourselves to determine the merits of the method using the various 
sized aggregates and the results of our test cylinders are so close to the 
estimated strengths that we are satisfied the slight additional effort re- 
quired in the field to make the necessary determinations is justified by the 
excellent results. 


C. G. DUNNELLS.—Has the Pennsylvania R. R. any decided preference 
for square twisted bars over other forms of deformed bars? 


Mr. Warson.—Yes. In our opinion it is an excellent test of each in- 
dividual rod. If you twist a square rod cold you are quite sure you have 
a sound rod. The twisting also removes the shop scale, which is very 
desirable. 


A. 8. DoucLas.—How about the commercial aspect of this subject? 
In a suit at law they sometimes introduce the element of mental anguish. 
I imagine you had some mental anguish. I wonder if it was compensated 
in the case of cement by a lower safety factor or any other way. 


Mr. Warson.—We designed our concrete mixtures in the girders for 
3,000 lb. strength. We knew that these members were designed for an 
extreme fiber stress of 675 lb. for concrete in compression so that we 
were not taking any chances. 

We are going to build a similar structure this year and have decided 
to design the concrete for 2,500 lb. in all the reinforced concrete, 2,000 lb. 
for gravity sections exposed to the weather and 1,500 lb. in the founda- 
tions the tops of which are 3 ft. below the ground level. I would recom- 
mend for any concrete work exposed to the weather a minimum 28 days 
strength of 2,000 lb. 

Unless a detailed specified method of making field tests is embodied 
and adhered to the specification for a definite strength concrete is one that 
is very likely to cause much mental anguish and considerable legal diffi- 
culty in case of a dispute. 

Regarding economies, by designing our mixtures, controlling the water- 
cement ratio, and specifying definite minimum and maximum sized aggre- 
gates we were able to effect savings in the amount of cement used and 
in the cost of the aggregates as compared with the usual method of using 
arbitrary proportions regardless of the sizes of the aggregates. 


Rosert 8. LinpstRoM.—I understand that you use the colorimetric test 
on sand. Did you use any other test to verify the colorimetric test? What 
did you find in the colorimetric test? 


Mr. Watson.—In the Pittsburgh district we have an arbitrary un- 
written specification only permitting the use of sand from certain portions 
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of the rivers from which the aggregate is obtained. We have found the 
colorimetric test to be very valuable in detecting the presence of soft coal. 
Any percentage of soft coal in the sand is almost instantiy revealed by 
the colorimetric test. : 

, The sand we used was free from coal and it was not necessary to con- 
demn any sand received because of other organic impurities. 


Mr. LinpstroM.—The reason I asked that question was because I 
have had a number of tests on sand and have found what you say is true— 
it brings out the coal dust. 


Mr. Warson.—Yes, and if there is any foreign matter in the sand the 
colorimetric test is a much better procedure than the usual method of 
taking a handful of sand and running it through your fingers and thereby 
making a decision as to its qualities. 


ArtHuR A. Levison.—If permitted, I would like to go back to a pre- 
vious question with regard to the Blaw-Knox batchers used on Mr. Wat- 
son’s work. The question was asked how it is possible to determine what 
is going on inside the batcher. The U. S. Bureau of Roads in 1924 was 
interested in the same question. With an outfit of Blaw-Knox batchers 
they found out just what was going on inside the batcher with loose moist 
sand. The scheme involved considerable work. It consisted of setting the 
batcher at any given volumetric capacity, and filling the storage bin with 
perfectly dry sand; then filling the batcher with that dry sand and de- 
termining by weight the number of cubic feet of dry sand that the batcher 
contained. Following that the bin was filled with sand containing various 
percentages of moisture and the batcher was filled with the sand in those 
various moisture conditions, and by weight it was then possible, deducting 
the percentage of moisture, to ascertain the actual amount of dry sand 
contained in each cubic foot of loose, moist sand which the batcher auto- 
matically measured. 


F. M. McCuLttoven#.—What was your experience with coarse sand? 
When it is necessary to heat the sand to thaw the frozen particles, does 
that introduce difficulty in bulking effect? 


Mr. Warson.—In regard to the first question; the coarse sands we 
used were entirely unfitted for reinforced-concrete work. Using the theory 
of the “Design of Concrete Mixtures,’ we obtained the desired strengths 
but not the required workability. Also it was much more economical in 
Pittsburgh to design mixtures using the finer sands as less sand is re- 
quired and its cost being relatively high as compared to the cost of the 
gravel a saving to the contractor was made possible. 

In answer to the second question, we were unable to detect any marked 
difference in the bulking of the sand caused by the injection of quantities 
of live steam into the hoppers before charging the batchers. In the tests 
we made, the moisture content seemed to remain about the same. Evi- 
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dently the portion of the live steam which condensed was offset by the 
vapor that arose from the hoppers. 


E. B. Wirson.—How often were those tests made? What was the 
effect of rain on your cars and on storage? 


Mr. Watson.—We made these tests as soon as the cars came into the 
yard and our experience has been that the moisture content varied very 
slightly between the time of their receipt and the time they were used 
unless it rained. When it rained we had to make re-determinations and 
in the working of the job this did not cause the contractor any delay. 

We plotted a curve of the moisture content and relative bulking of 
the sand of approximately 100 determinations so that by determining the 
moisture in the sand the relative bulking was taken from this curve with- 
out making a field determination of the relation of the volume of loose 
and rodded sand. 

Was it your idea that the determination of the moisture content in 
the sand would take too long? 


Mr. Witson.—Oh no, not at all. 


Mr. Wartson.—A simple method, applicable to the sand we used, to 
determine the bulking of loose sand to a unit of sand dry and rodded is to 
fill a metal receptacle, approximately 10 in. in diameter and 11 in. high, 
level full with the sand to be used. Then remove the sand so measured 
and place in a bucket or other container so that the same volume of sand 
can be reused in the determination. Next, partially fill the metal recepta- 
cle with water and pour the sand of the sample back into the receptacle 
in three estimated layers and rod each layer 15 times with a %4-in. rod 
and the resultant volume of saturated rodded sand is approximately the 
same as if it were dry and rodded. 

By measuring from the top of the receptacle to the top of the flooded 
and rodded sand you obtain the bulking in inches. Dividing this measure- 
ment by the height of the flooded and rodded sand you obtain the percent- 
age of bulking of the loose sand to a unit dry and rodded. 

In presenting this paper on designing mixtures I intentionally detailed 
the various theoretical operations to impress on those, who are to be re- 
sponsible for the results obtained, the necessity of study and some effort if 
you are to obtain the best results. 

There unfortunately are many who, for some unexplainable reason, 
seem to think that the proportioning of concrete and its use should be 
made so simple that it should not require any special knowledge to con- 
struct satisfactory and lasting concrete work. 

It is the prevalence of this idea that is responsible for the unsatis- 
factory concrete work throughout the country. 


OC. A. P. TuRNER.—I question the value of the slump test on the ground 
that it is indefinite unless the temperature of the materials is constant. 
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This statement is based on experience where we had stone exposed to the 
sun on a long summer day and the heat in this aggregate, notwithstanding 
a liberal amount of water in the mix, set the concrete up before it could 
be dumped from the wheelbarrow 100 ft. from the mixer without chopping 
it out. In hot weather, in Omaha, a contractor had trouble with shrink- 
age and opening up of the splices in the slabs and could not understand 
the cause of the trouble. He was advised to cool the aggregate by wetting 
in advance of mixing, taking the excess heat out so that the cement would 
set normally and the trouble was thus remedied. In ordinary work the 
rating of the slump test for plasticity is of little practical value as an 
index of the workability unless the temperature of the sand, stone and 
cement is constant instead of variable as found on the job. 


Fretp Controt ofr CONCRETE ON THE DELAWARE RIVER BRIDGE. 
By A. W. MuNSELL.* 


The purpose of this paper is to set forth the fact that even with 
specifications fixing the proportions for each grade of concrete, it is still 
possible to use the Abrams’ theory, subject to the limits of your specifica- 
tions, and thereby secure better concrete. As an illustration I shall use 
the concrete work on the Delaware River bridge now in course of construc- 
tion between Philadelphia, Pa., and Camden, N. J. This is an especially 
good illustration because, after some unsatisfactory results, both in the 
appearance of the concrete and the test results, the Abrams’ theory of 
proportioning concrete was partially adopted, and is constantly demon- 
strating its soundness and practicability. 

General Features of Bridge—The bridge when completed will be the 
largest bridge of the suspension type in the world, the span between piers 
is 1,750 ft. For 800 ft. of this span the clearance above mean high water 
is 135 ft. 

The whole structure, extending from Sixth and Race Sts., Philadelphia, 
to Sixth and Penn Sts., Camden, will be 1.81 miles long. The roadway, 
57 ft. wide, will accommodate six lines of vehicular traffic—three lines in 
each direction—with a capacity of 6,000 vehicles per hour. In addition, 
there will be two lines of surface car tracks and two lines for high-speed 
cars, making the bridge 125 ft. wide overall. Pedestrians will be accom- 
modated by two overhead sidewalks, 10 ft. wide on the river span and 16 
ft. wide on the approaches. 

When completed, the bridge will require a total of 320,000 cu. yd. of 
concrete, 50,000 tons of steel and will cost $37,210,000, approximately di- 
vided into $26,210,000 cost of construction and $11,000,000 for real estate 
condemnation. 

Historical Data.——By agreement, the Commonwealth of Pennsylvania 
and the city of Philadelphia divide the cost of the land and approaches 
on the west side of the river and one-half of the bridge proper, while the 
state of New Jersey is required to provide the land and approaches in 
Camden and one-half the cost of the bridge. 

The joint commission was organized Dec. 12, 1919, at a meeting in 
Philadelphia, called by Governor Sproul, of Pennsylvania. Under date of 
Sept. 24, 1920, a board of engineers was appointed, composed of Ralph 
Modjeski, chief engineer, George S. Webster and Laurence A. Ball, to con- 
sider sites and plans for a bridge. A report was submitted by the board 
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of engineers on June 9, 1921, and public hearings were held the following 
week by the joint commission. The joint commission approved the plans 
June 23, 1921. The plans for the bridge were approved by the Chief of 
Engineers, U. S. A., and the Secretary of War on Sept. 29, 1921. 

Ceremonies were held Jan. 6, 1922, marking the beginning of construc- 
tion of the bridge. The setting of granite on the two main piers was com- 
pleted in Philadelphia and Camden in March and May, 1923, respectively. 
The Camden caisson had been sealed about thirteen weeks later than the 
Philadelphia one, the sinking having been started almost three months 
later than on the Philadelphia side, and the caisson being sunk about 24 
ft. deeper in order to reach satisfactory rock. 

Piers, Anchorages and Towers——The piers of concrete, faced with 
Georgia granite, on which the towers are supported, are 70 ft. wide by 143 
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ft. long and go down to rock which was found at El.-62 ft. on the Phila- 
delphia side and EI.-86 ft. on the Camden side. The Camden pier, with 
24,190 cu. yd. of concrete, and the Philadelphia pier, with 31,300 cu. yd., 
were completed in March and May, 1923, respectively. 

The anchorages have an overall width of 176 ft. and length of 246 ft., 
and have respective heights from rock foundation to top of 247 ft. in the 
case of the Philadelphia anchorage and 288 ft. in the case of the Camden 
anchorage. The first sections of the anchorages were constructed on two 
rectangular caissons 40 ft. by 125 ft. in section and eight 20-ft. diameter 
circular caissons which were founded at about El.-62 on the Philadelphia 
side. The same size circular caissons were used on the Camden side with 
rectangular caissons which were 40 by 140 ft. The Camden caissons were 
founded at about El.-105. All the caissons were sunk by the open dredg- 
ing process using orange peel buckets through well-holes left in the cais- 
sons. There was placed 62,000 cu. yd. of concrete in the Philadelphia 
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anchorage and 85,300 cu. yd. in the Camden anchorage; these were com- 
pleted in January, 1924, and March, 1924, respectively. In this portion 
of the structure the steel girders and eye-bar chains are embedded for 
anchoring the cables. 

The main towers which support the cables are of slender outline and 
are designed to deflect with changes in pull of the cables. They rise to 
a height of 384 ft. above mean high water and were completed in May, 1924. 

Cables and Suspenders——Two cables with a completed diameter of 
30 in. will support the floor system. Each cable is built of 61 strands of 
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306 wires each, making a total of 18,666 wires per cable. The diameter 
of wire used is 0.2 of an inch, which is not quite as thick as an ordinary 
lead pencil. Each cable is 3,550 ft. long and weighs 3,550 tons or one ton 
per foot. The total length of wire used was 25,100 miles. It took 
approximately five months to string the cables. The last wire was placed 
Jan. 23, 1925. 

Bands for the suspender ropes are now being clamped on the cables 
and the suspender ropes, deck girders and stiffening trusses will be com- 
pleted during the coming summer. Contracts have been awarded and work 
is in progress on both the Camden and Philadelphia approaches. 

Aggregate—The aggregates used on the job were supplied by the 
DeFrain Sand Co., whose source of supply is in the Delaware River above 
Bordentown, New Jersey, where dredges are used to raise the material 
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from the bottom of the river and separate it into commercial sizes. The 
large aggregate is usually round pebbles, but in the winter, when the 
dredges are pulled to shore on account of ice conditions, we are supplied 
with crushed pebbles. The maximum size of the large aggregate is 144 in., 
which is the commercial size in the Philadelphia district. 

Concrete Work.—The concrete plants were similar on both sides of 
the river and consisted of a battery of two l-yd. Koehring mixers, operated 
by steam, equipped with Eastman timers for assuring one minute mixing 
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of the concrete. Overhead bins with a capacity of 120 yd. of sand and 
gravel were supplied by two stiff-leg derricks, operating three-quarter yard 
clam shell buckets, which transferred the material from barges placed 
alongside the plant to the bins. The aggregates from the overhead bins 
fed into open-top batch boxes, divided in sand and gravel compartments, 
on the sides of which were painted red marks for 1:2: 4 proportions 
and green marks for 1: 2.5: 5 proportions. Any changes in the proportion 
for either grade of concrete were made by measuring from the red or 
green marks. The batches were struck down level in all cases with a 
short-handled hoe. 

We are now using a much better batcher which will be described 
later. The batches of aggregates were dropped into a hopper behind the 
mixer, where the cement was added. Water was added from an ordinary 
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water barrel with a gauge attached to the side for fixing the quantity. 
From the mixer the concrete was chuted into an elevator skip and raised 
about 40 ft. to another hopper from which it was dropped into 1-yd. bottom- 
dump buckets on an industrial railway, which transferred it to where it 
could be reached by a boom from a locomotive crane or stiff-leg derrick. 

During cold weather protection was given all new, concrete by covering 
with tarpaulins kept about 6 in. above the concrete. In this space steam 
pipes were led, in other parts of the work salamanders were used. As a 
minimum temperature of 50 deg. F. was specified for concrete setting in 
cold weather, maximum and minimum thermometers were used to record 
the actual temperature for the protected concrete. In other places l-in. 
diameter pipes were left in the concrete in which thermometers were sus- 
pended in kerosene to observe the temperature changes over a period of 
time. 

Testing Methods.—Inspection of the -aggregates and testing of the 
concrete was carried on by a force of three inspectors, one man on each 
side of the river, taking samples of aggregates and making test pieces 
and slump tests for control of water, and one man in the testing laboratory 
of the city of Philadelphia, who looks after the breaking of the test pieces. 

The inspectors’ duties consist of taking samples of the barges of sand 
or pebbles as received. A mechanical analysis is made of each sample 
and plotted upon our aggregate curves which serve a double purpose, that 
is, to determine if the aggregates meet our specification and also determine 
their fineness modulus. The proportions are fixed by the fineness modulus 
theory, as described in Bulletin No. 1 of the Structural Materials Research 
Laboratory, entitled “Design of Concrete Mixtures” by Prof. Duff A. 
Abrams. 

Each side of the river is furnished with the following equipment, viz.: 
a complete set of sand screens ranging from No. 4 to No. 100, and gravel 
sereens of 4-in., 3-in., 34-in., l-in., 114-in. square mesh standard, with a 
Fairbanks double-beam scale with a capacity of 300 lb. reading to 14 oz. 
Three 8-in. diameter by 16 in. high cylinder molds are on hand at each 
mixing plant for making test pieces. A slump cone with dimensions of 
5 1/3-in. top, 16-in. height and 10 2/3-in. base is used for making consistency 
tests immediately before a test piece is made, and for control of water at 
any time the inspector thinks the concrete is getting too wet. A test 
piece is made for each 100 cu. yd. of concrete during the day, or for each 
run of concrete when the proportions are changed. Samples of concrete 
for testing are usually taken at the mixer, but are occasionally taken 
from the mass. 

The method for taking the sample is for the inspector to stand on 
one side of the chute with a shovel, as the mixer is discharged, shovel 
fulls are taken of the run which are deposited in two 12-qt. galvanized- 
iron water buckets. The buckets are dumped onto a %-in. thick steel plate, 
which has been set level. The concrete is remixed with a shovel and a 
slump test made for consistency. After the slump is taken the concrete 
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is remixed and a test cylinder made. The test cylinders are broken at 28 
days, but when more than two cylinders are made, in the same proportion, 
the extra cylinders are extended to 60 days, 6 months or one year. 
Colorimetric tests are made on all samples of sand, and barges showing 
a color darker than No. 2 in the scale are rejected. 
All cement is sampled at the mill and tests are made before shipment. 
The methods used for making test pieces and slump tests are those 
recommended by the A. S. T. M. and are as follows: For the slump test, 
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the cone is filled with concrete to 4 in. of its height and tamped with a 
34-in. round steel bar, 20 in. long and with a bullet-shaped point, for 
30 strokes. The cone is filled another 4 in. and tamped 30 strokes, having 
the tamping rod penetrate through the second 4 in. into the first and bind 
the two layers. The operation is continued in 4-in. layers until the full 
height of 16 in. is reached. The top is then struck off and the cone lifted 
vertically, letting the mass-slip out gently. The cone is set alongside the 
mass, the bar placed across the top and the height taken from the under 
side of the bar to the top of the mass, which is called the slump in inches. 

An 8 in. by 16-in. cylinder mold with a bottom is placed on a level 
space and the same operation in making a slump test is used for making 
a test piece. The top is struck off and as soon as the concrete is partially 
set the identifying number is scratched in the top with a nail. The test 
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pieces are allowed to set for 48 hours in a warm atmosphere, although 
the forms are loosened at the end of 24 hours they are then taken to the 
field office and placed in damp sand storage until the time arrives to 
break them. 

Fig. 5 is a gravel shaker which helps in the rapid determination 
of the mechanical analysis of a sample of gravel. In operation, a weighed 


FIG. 5.—TESTING DEPARTMENT’S GRAVEL SIEVES IN SHAKER, 


sample of 25 lb. is dumped on the top screen and the frame shaken until 
no more pebbles come through. The set of screens in order from the top 
are the 114 in., 1 in., % in., % in., and 14 in., with a galvanized iron pan 
at the bottom to catch the material coming through the last screen. The 
screens were all of the Tyler standard. Lach piece of screen is 20 in. 
square outside and the frames are of % in. by 4 in. high pine strips 
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mortised at the corners. The screens are held on the frames by %-in, 
square strips screwed to the screen frames. The shaker itself is made of 
2 in. x 12 in. x 3 ft. 6 in. rockers with 2 in. x 4-in. standards braced with 
%4 im. x 4-in, pine strips screwed to the main frame. A %4-in. x 4-in. strip 
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FIG. 6.—PROPORTION DETERMINATION BY ABRAMS’ METHOD, 


is also fastened across the bottom of the rockers so the material will be 
jarred each time the shaker is pushed from side to side. 

The Abrams’ theory of proportioning concrete was partially adopted 
about two years and a half ago after some unsatisfactory results both 
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in the appearance of the concrete and the test results. The use of the 
theory was limited in our case by the specifications fixing nominal pro- 
portions of 1: 2:4, 1: 2.5: 5 or 1: 3:6, but it allowed changes in the total 
proportions of 1: 6, 1: 7.5 or 1:9, also it was ruled that the proportion 
of sand should not be less than the nominal proportion for each grade of 
concrete. The thought was that cutting the sand would make the concrete 
too harsh. We could, however, raise the sand content whenever analyses 
indicated its necessity. These restrictions were made in the concrete used 
on the first sections of the anchorages, but the results obtained, even with 
this handicap, were so satisfactory that they were lifted and the contracts 
now in force only restrict to the total of proportions for each grade of 
concrete. <)> bapa 

The later results are all from concrete placed in the first sections of 
the Philadelphia and Camden anchorages and are usually of the 1: 2.5: 5 
proportion, because there was more of this grade of concrete placed and of 
course more test pieces made. The description of plant and handling of 
concrete also applies to this portion of the anchorage. 

On later contracts central mixing plants were used, equipped with 
either the Johnson or Blaw-Knox batchers giving a struck-off measure- 
ment. Both types have been satisfactory in service and are strongly recom- 
mended as economical for the contractor and do away with the “hit and 
miss” method of using the open-top batch box which is piled high on one 
batch and low on another as fixed by the eye of the man operating the 
gates. With the struck-off measure given by the above types of batchers 
the quantities determined by our mechanical analyses are assured. 

Application of Abrams’ Theory.—Fig. 6 is a tabulation of the re- 
sults obtained using the methods outlined in Bulletin No. 1. The first 
step after the samples are taken is a screen analysis of both materials. 
The examples of sand and gravel analysis here shown are actual analyses 
taken at random from our records and given exactly as we make them. 
The first column under sand analysis is the sizes of sieves. The second 
column is the amount held on each sieve in grams. The third column 
shows the amounts held, converted to percentage of the total held. The 
fourth column is a conversion to fineness modulus, which is the sum of 
the percentages held on each sieve divided by 100. The gravel analysis is 
the same arrangement except 500 is added to the total held, because all 
this aggregate would be held on the sand sieves, and 100 is added for 
each sand sieve. Also the l-in. size is struck out because in the theory 
it is called a half size and only whole sizes are considered. 

Our proportions are fixed by the specifications to 1:2.5:5. Thus, 
according to Bulletin No. 1, p. 11, paragraph 4, if more than 15 per cent 
is coarser than any sieve the maximum size shall be taken as the larger 
sieve in the standard set. This gravel analysis shows that 48 per cent 
is held, on the %-in. sieve, therefore this lot of gravel takes the next size— 
the 114-in. sieve. The grading then becomes from 0 to 1% in. Then, 
taking into consideration that in combining the aggregates the volume 
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shrinks about one-eighth, our nominal proportion of 1: 7.5, as fixed by the 
specifications, then becomes 1: 6.56, the true mix. The next step is to fix 
the proper fineness modulus for this proportion, which is found by inter- 
polating from Table 3, Bulletin 1, the fineness modulus between 1:7 and 


Fig*6 
FIELD CONTROL OF CONCRETE ON DELAWARE PER BRUCE 
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Extracted from report on contracts No,4and NaS on tests of concrete made in 
accordance with the Abrams theory. 


FIG. 7.—SPECIFICATION TESTS ON ANCHORAGE CONCRETE. 


1: 6, which is 5.61. Then, using the formula for finding the percentage of 
sand, the figure of 39 per cent is arrived at. With this percentage our 
proportion of sand becomes 2.9 and the gravel 4.6, or a 1: 2.9: 4.6, or 
Weaicos 
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In this figure are also two tests for the concrete made using these 
aggregates. The calculated strength with the slumps used were found 
to be slightly less than the actual strengths. 

The various steps at arriving at the right proportion as outlined 
above takes about one hour, which is principally used up in securing the 
sample. Our specifications require that barges be placed for sampling 
24 hours before required but it is honored more in the breach than in the 
observance. The barge is usually placed at the mixing plant during the 
night and is found when we arrive for work. Our practice is to use the 
nominal proportion whenever a new barge of sand or gravel is placed. 
Testing time is lessened materially by the fact that tables of figures are 
prepared for a wide range of percentages of sand, and all that is required 
is to make the mechanical analysis of the aggregates and then read off 
the proper proportions. . 

With the adjustable batchers now in use sticks 1%. in. square and 
about 18 in. long are prepared with markings in proportions, on one side 
for sand, and on the opposite side the complementary proportion for 
gravel. The sticks are held up to the sides of the telescoping portion of 
the batcher and either raised or lowered as indicated. 

Test Results —Fig 7 is a tabulation of the results obtained after 
the methods outlined in “Design of Concrete Mixtures” were adopted with 
the restrictions of our specifications and is extracted from a report made 
on these two contracts. The average strengths for all grades of concrete 
were well above the requirements of the specifications. In the case of 
the 1: 2: 4 nominal proportion it was about 37 per cent above the designed 
strength of 2,000 lb. for this grade. The 1: 2.5: 5 was about 38 per cent 
above the designed strength and the 1: 3: 6 nominal proportion was about 
84 per cent above specification, but the high breaks of the last proportion 
of 1: 3: 6 are explained by the fact that this was mixed very dry. Most of 
this concrete had slumps of less than 4 in. We had one very wild break 
of 3000 lb. which we think belonged in another grade but we were never 
able to prove it. 

Opportunity to compare our results with others using the sameyma- 
terials and mixtures was given in the report on Field Tests of Concrete 
Used in Construction, submitted to the Joint Committee on Standard 
Specifications for Concrete and Reinforced-Concrete by W. A. Slater and 
Stanton Walker, and published in the January, 1926, Proceedings of the 
American Society of Civil Engineers. The tests covered in this report 
were on the Victor Talking Machine Co.’s building, Camden, New Jersey. 
The aggregates used were from the same sources in both cases but they used 
a %4-in. maximum size and we used a 1¥-in. maximum. ‘This difference 
in size of aggregate may account for the higher average strength that our 
results show, because, according to the theory, the larger the aggregate, 
with proper grading, the better the strengths that will be secured. 
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A study of our results gave us opportunity for various comparisons 
such as the relation of density to strength, consistency to strength, effect 
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of the time of mixing on strength, which are set forth in the following 
figures and in a general way confirms the results of other investigations. 

Fig. 2 is a graph showing the relation of strength to density, as 
determined by the weight of the test pieces. The results shown are 
from a tabulation of 262 test pieces, 1: 2.5: 5 proportion used in the 
Camden and Philadelphia Anchorages (first section). Seventy-nine per 
cent of the pieces are between the weights of 145 and 150 Ib. per cu. ft. 
This was a check on the uniformity of the making of the test pieces, and 
also indicates that the strength does increase with the density. 

Fig. No. 3 is a curve indicating increase of strength with longer 
mixing. The results were taken as we could get them, when, from train 
or other delays a batch stayed in the mixer longer than the usual one 
minute. It represents 23 tests, 17 of which were made from batches 
‘with a mixing time between two and five minutes. The number shown 
is too few upon which to base any conclusion, but taken with the results 
of other investigations it certainly indicates the value of longer mixing 
for the shorter times up to five minutes. 

Fig. No. 4 is a graph showing the relation of consistency, measured 
by the slump test, to strength. These results are from a tabulation from 
127 test pieces of 1: 2.5: 5 nominal proportion from concrete placed in 

_ the Camden and Philadelphia anchorages (first edition) from proportions 
designed with the Abrams’ theory. The strength required by our specifica- 
tions for this grade of concrete is 1,500 lb. It shows that the strength 
increases with the dryer consistencies. It will be noted that this graph 
also shows that nine pieces of the 127 pieces had a slump of 7 to 10 in., 
a very wet consistency, but with this wet concrete we were still able to 
keep our strengths above the specifications. The figures in the circles 
are the number of test pieces which were averaged for the points on the 
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graph. The figure also shows the maximum strengths with a two or three- 
inch slump using the 16-in. cone which corresponds to % to l-in. slump 
using the 12-in. cone, or our relatiye consistency is 1 with a two to three- 
inch slump using the larger cone. 

The gravel analyses curves in Fig. 1 are from a number of samples 
taken to check the sampling of our barges. Lot No. 851 represents the 
results of sieve analysis plotted on our regular report form with an 
analysis of a sample of the same gravel which was obtained by washing 
a sample of concrete through a No. 4 screen with a hose and then putting 
the sample through the standard set of screens. This sample is shown 
on the graph as No. 851-A and shows a good check on our original analysis. 
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FIG. 8.—GRAVEL ANALYSIS WITH AVERAGE CURVE. 


Still another sample of the same gravel was obtained by taking a sample 
of the concrete at a point about 30 ft. away from where it had been 
deposited and washing it through a No. 4 screen. This is shown as No.’ 
851-B. The object of the last sample was to show that the concrete as 
it flowed or was pulled with a rake from the place of deposit was not 
carrying the larger aggregate because it was too wet, also that hoes and 
shovels should be used to spread the concrete to its final position. The 
change in the grading of the aggregates is also shown by the fineness 
modulus. ‘The original sample of gravel had a fineness modulus of 7.10. 
The sample taken of the concrete at the mixer had a fineness modulus of 
7.06, a difference of only 0.04, while the sample of concrete taken from 
the mass had a fineness modulus of 6.84, a difference of 0.26. 

The characteristic break in the curve is to be noted in these three 
samples between the %4-in. and the 1-in, size. We have noted this in all 
the samples taken for checking our sampling. The curves for these sizes 
in all the samples are very nearly parallel and we assume from that that 
our system of sampling aggregates is satisfactory. 
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There has been no difficulty with the two large material companies 
in the Philadelphia district in securing the grading of aggregates that we 
require. They have co-operated with us in every way, in fact they call 
us up to inquire how their material is running, and if it has not been 
satisfactory they have moved their dredges to new locations in order to 
give us what we want. 

Figs. 8 and 9 are graphs showing the average curve for gravels and 
sands received from various sources. Both of the graphs are shown on 
our regular report form for gravel and sand. On the gravel form (Fig. 8) 
it will be noted that certain curves are drawn fixing the limits for a 
coarse gravel (the lower curve) and a medium gravel (the upper curve). 
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FIG. 9.—SAND ANALYSIS WITH AVERAGE CURVE. 


The limits were fixed from the results obtained on our first contract and 
were fixed so that there would be a reasonable range in the sizes and 
near what could be expected under ordinary production methods. The 
graph shows that all the material received from the ordinary sources were 
well within the limits set except one which is shown on the graph as 
“unknown.” As a matter of fact this material was from a stockpile in 
the yard of the material company and was of practically one size, held 
above the l-in. screen. It was material coming from their crushing plant 
from which the %4-in. material had been taken. It was so irregularly 
graded that it made wide changes in our proportion whenever, because 
of ice conditions in the river where the dredges were working, it became 
necessary to take this material. The difficulty was solved later by the 
mixing of one truckload of the large size with three truckloads of the 
84-in. size on the barges. The mixing was done by using a 1-yd. clam-shell 
bucket to lift and scatter the finer stone over the larger and was again 
remixed when it was lifted from the barge to the hopper over the mixing 


plant. 
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The fineness modulus of large aggregate ranged from 7.05 to 7.90 
with a mean of 7.26 but the greatest amount of our material had an 
average range from 7.05 to 7.30, or a difference of 25 points. 

The sand graph has a standard curve plotted on the form with which 
all samples are compared. This graph shows that our widest range was 
about 20 per cent at the No. 30 sieve but that the material of which 
we used the greatest amount had a range of only 10 per cent at this sieve. 

Comparing the various sources by fineness modulus the range is from 
2.54 to 3.07 with an average of 2.73, but the greatest amount of our ma- 
terials had an average range of 2.54 to 2.77, or a difference of 21 points. 
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FIG. 10.—WATER BARREL USED TO CONTROL CONCRETE. 


To mixer 


The results are from only the contracts using concrete on which we 
have complete results. On the other contracts, still under way, we are 
using better proportioning devices and better control of water. 

Water Oontent.—This paper cannot be closed until something has 
been said about water. It has been almost every engineer’s experience, 
until recently, that concrete wasn’t considered good concrete unless it was 
wet—real wet. It was thought that the wetter the concrete was the 
easier it was to handle and the better the bond which was secured around 
the reinforcement rods. This is wrong. With a wet concrete, and by that 
I mean concrete with an 8-in. slump and wetter, you are continually 
chasing the accumulated water from one side of your form to the other, 
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and from corner to corner until at last you get it cornered, then you 
bail it out or drill a hole in the side of the form to let it out. With 
every deposit of this concrete, pushing the water ahead and from side 
to side, you are washing out the best of your cement, weakening your 
concrete and making laitance. The sooner we realize that good, plastic, 
workable concrete can be secured with a 4-inch slump or less, depending 
on the volume and grade of concrete you are placing, together with a 
proper time in the mixer and with men in the forms to push the concrete 
into place with their feet, we will begin to control the mixing water more 
closely thus insuring both a better grade of concrete and good surfaces 
with the forms removed. 

Fig. 10 is a sketch showing the water barrel used for the control of 
water for concrete. An ordinary 50-gal. wooden barrel is used with a 
Y% in. x 2-in. wooden strip fastened to the side, perforated every 1% in. 
from a point 3 in. from the bottom of the barrel to the top, in which a 
peg is inserted for fixing the water to be used. The barrels are calibrated 
and the amount of water for each ¥% in. of height is known. For rapid 
discharge a 2%-in. pipe line with a quick opening valve runs from the 
barrel to the drum of the mixer. For control of the maximum amount of 
water a 1144-in. pipe runs through the bottom near the side to a point 
3 ft. from the bottom, where a series of two 1%%-in. ells, connected by a 
short nipple, supports a pipe about 18 in. long. This movable arm is 
set on the peg at the side of the barrel and a greater amount of water 
than is shown by the peg is wasted. The device has been found practical 
in operation. 

The active support of our board of engineers, composed of Ralph 

Modjeski, chief engineer, chairman; George S. Webster and Laurence A. 
Ball, with that of M. B. Case, the senior resident engineer directly in 
charge of the work, made the use of this method of proportioning our 
concrete possible, and as the efficiency of the method became apparent 
through the test reports and the appearance of the completed concrete 
work the restrictions, which were cautionary in the beginning, were removed 
and the methods adopted as standard as far as our specifications would 
permit. 
Last, and by no means least, we had the intelligent and harmonious 
co-operation of the inspectors and engineers in charge of the placing of 
the concrete and control of water. To their efforts no small credit is due 
for the successful completion of this part of the job. 


CONCLUSIONS: 
From our experience we may draw the following conclusions: 


(1) That the methods outlined in Bulletin No. 1, “Design of Con- 
crete Mixtures,” are practical for the field control of concrete. 


(2) That while the fineness modulus theory appears involved its sim- 
plicity develops with use. 
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(3) That quite dry mixtures, as shown by the slump test, be used, 
and that two minutes in the mixer, after all materials are added, be 
required. 


(4) That the use of batcher plants are economical for the contractor 
and insures the proper proportion for the engineer. 


(5) That on any job of concreting, requiring the full time of the 
inspector, this method should be used for fixing the proportions with a 
proper control of water as measured by the slump test, regardless of 
whether strength test pieces are made. 


(6) That a proper grading of aggregates, as shown by the mechanical 
analysis, is essential in any concrete work. 


(7) That long chuting of concrete should not be permitted because 
the consistency, of necessity, must be very wet. 


(8) That in cold weather, aggregates and water should be heated 
to a temperature above 50 deg. F. and the concrete in the mass be ade- 
quately protected with suitable heating devices, and an accurate knowledge 
of actual conditions be obtained by recording thermometers. 


DISCUSSION. 


C. E. NicoLs.—Has any consideration been given, as these tests have 
shown such comparatively high strength compared with what was specified, 
to cutting down the proportion, even though the original contract specifi- 
cations would not permit that? 


Mr. MuNSELL.—Not yet; our board of engineers has not considered 
reducing them yet. 


H. I’. FAULKNER.—How were the cylinders handled after having been 
made? Were they cured at a constant temperature with a constant degree 
of moisture? 


Mr. Munsett.—No; as I say, they were left standing for 48 hours 
with molds loosened after 24 hours, as soon as they had hard edges; that 
is, at 48 hours we took them over. In our field office we had a space in 
our sand box where we covered them with sand. We also kept a recording 
thermometer in there so that we knew when our temperature was getting 
lower than it should be, say below fifty, and put heat in there when we 
had to. We did not notice any changes in our cement from low tempera- 
tures, that is from storage. 


Mr. WaLker.—I notice in the chart of Mr. Munsell’s paper there is 
a difference in the compressive strength. I want to know in what way 
that can be accounted for? 


Mr. MunseLt.—Didn’t you use three-quarter-inch aggregate? 
Mr. WALKER.—Three-quarter-inch aggregate. 
Mr. MuNSsELL.—We used inch and a half. 


Mr. WALKER.—I also did not notice Mr. Munsell mention taking into 
account the bulking of the sand in proportioning these mixes. 


Mr. Munsetu.—We did not on those contracts, We are using it now. 
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Novres oN LAITANCE. 
By R. M. MILier.* 


The formation of laitance in the placing of concrete foundations un- 
der water, and in smaller measure in the pouring of concrete in the dry, 
has been regarded by many construction engineers as one of the inevita- 
bles—somewhat in the nature of death and taxes. The feeling has always 
seemed to be that it is something that we are to have with us always, the 
only remedy for which is to remove it after it has formed. Under the 
best of field conditions, it is literally the case that some laitance will 
accompany the pouring of concrete under water. It by no means follows, 
however, that we have no control over the amount, nor that its forma- 
tion should be allowed to go to a point injurious to the concrete itself. 

Description of Coal Pier Project——The pouring of 3,900 cu. yd. of 
the seal concrete under water in the steel caissons of 48 foundations of the 
recently constructed Virginian Railway Coal Pier No, 2 at Sewalls Point, 
Va., developed extremely interesting results in the formation of laitance. 
Inasmuch as slime or laitance takes from the mix cement, particularly the 
finest particles from which the concrete derives its greatest cohesiveness, 
a study of the causes and a remedy is of value. 

The bottom of the bay at the site of the Virginian Coal Pier No. 2 
is of sand, clay and shells, overlaid with a blanket of mud or silt varying 
in depth from several inches to several feet. For each foundation into 
this bottom were driven 61 green foundation piles 40 ft. in length with 
cutoff at El.-27.75. Over these piles a steel form or caisson was placed 
and blocked firmly into position (Fig. 1). These caissons are 12 ft7e1n 
diameter at the top, 36.75 ft. high and flare to a bell shape at the bottom 
with a diameter at that point of 18 ft. After placing the cylinder the 
bottom was tested for mud. If indications were present of an amount more 
than two or three inches in depth it was pumped out. 

Gravel was then spread over the bottom to a depth of approximately 
6 in. The pouring of the 1: 2:4 seal concrete was then begun with the 
use of a bottom drop bucket (Fig. 2) and carried continuously from El.- 
32.25 to approximately El.-20.0. The pouring of 90 cu. yd. of seal concrete 
consumed from six to seven hours during which time the cement-beari ing 
water, within the caissons, was agitated almost continuously. The cement 
remained in suspension for some time after the completion of the work, the 
water clearing up, however, in from three to four hours. 


*Formerly Resident Engineer, Virginian Terminal Ry., Sewalls Point, Va. 
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After the seal concrete had set from four to five days the water was 
pumped from the caisson and also the upper portion of the laitance which 
was more than 70 per cent water. The lower laitance was then mucked out 
to hard concrete. This concrete was then picked rough and thoroughly 
scrubbed before the concrete in the dry was poured continuously to the 
top. The laitance varied in thickness from several inches to several feet. 

Materials and Methods.—The coarse aggregate used for the pier foun- 
dations was bank-run gravel of excellent quality, of good grading, from 
¥% in. to 2 in., and clean. The fine aggregate used was a sharp coarse 
beach sand, testing 4 per cent silt and of practically no organic matter. 
The mix, 1: 2: 4, was carefully inspected at the plant. The time of mixing 
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FIG. ].—PLACEMENT OF CAISSON OVER FOUNDATION PILES. 


was from 2 to 3 min. Atlas cement was used showing a residue on a 200 
sieve of 17 per cent. At the beginning of the work the mix used was 
of a relative consistency of about 1.25 corresponding to a slum of 6 in. 
This relative consistency was later reduced to about 1.10 corresponding to 
a slump of 2 in. to 3 in., which reduction in the water ratio was an im- 
portant factor in cutting down the amount of laitance being developed. 
Before the seal was poured the bottom was tested for mud with a 
small pump. This was given up, however, due to the awkwardness of 
handling the suction end in the bell and between the piles, in favor of 
sounding the bottom with a piece of 1 in. x 2 in. undressed plank to which 
the mud adhered, if the plank was slowly withdrawn from the water. This 
method was found to be a very effective one and some improvement was 
brought about by its use. Removing the mud by pumping failed to take 
out also the larger and heavier bodies, but the pouring of the heavy mass 
of concrete seemed to scour the bottom clean of any remaining silt and to 
get under and push up into the laitance mass both silt and loose but not 
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over heavy bodies such as old sunken timbers, etc. In the laitance was 
to be found crabs, eels, pieces of old timber and in one instance a 4 in. 
pipe cap that had been lost in the caisson the day before the seal was 
poured. - 

The 144-cu. yd. bottom drop bucket used for the depositing of the seal 
concrete was equipped with bottom doors, opening freely downward when 
tripped. The top of the bucket was open and was invariably full of con- 
crete when lowered. A marker was put upon the line to indicate when 
the bucket was down, but this was an unnecessary measure as the slacken- 
ing of the lines plainly showed when the bucket had touched the piles or 


FIG. 2.—AUTOMATIC DROP-BOTTOM BUCKET USED ON COAL PIER CONCRETE 
WORK—CAPACITY 114 OU. YDS. 


concrete. High piles that had been driven to refusal were invariably cut 
off before concreting. As the work progresses closer supervision was given 
to the speed of lowering and retrieving the bucket and to its position 
when discharged. The improved manipulation of the bucket by the derrick 
operator effected a considerable decrease in laitance. 

The installation of an automatic trip at the bottom of the bucket, 
so arranged that the drops cannot be released until the bucket has touched 
pile tops or concrete, is a surer and cheaper method than continual super- 
vision of the derrick. Careful supervision is, however, necessary to control 
the speed of the handling of the bucket if metal-top doors are not used. 

Without doubt the somewhat too hurried lowering and raising of the 
bucket and occasional premature tripping of the bottom drops in the early 
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stages of this construction was the most important factor in the develop- 
ment of laitance during that stage of the work. 

Causes of Laitance and Analyses.—An unavoidable element contribut- 
ing to the formation of laitance and incident to all under-water pouring 
of concrete for foundations on piles was the 5-ft. drop of the concrete 
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J 
FIG. 3.—FOLLOWING DOWN PIER FOUNDATION PILES, 


through the water at the beginning of the pouring of the seal, caused by 
the foundation piles (See Fig. 1). However, it would have been impossible 
to sacrifice the stability of the structure by cutting the piles off at bot- 
tom for this factor. 

From time to time as the work progressed, chemical analyses were 
made of the laitance, samples being taken from the top and bottom of the 
deposit. The dried and hardened laitance was also subjected to chemical 
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analyses but in no case was any marked difference to be found between 
its chemical constituents and those of the cement used on the work. By 
reference to the following analyses of laitance, Atlas cement before using, 
and other portland cements, it will be seen that its chemical constituents 
vary no more from those of Atlas cement than those of one standard brand 
of cement varies from another. 


Standard Port- 
Atlas Cement | jand Cements— 
Laitance Used on the Hand Book 
Work Reference 
IMOISTULGE poten retort: 7.55 aie Sree 
Silica a(SiOy erect re 22.49 21.31 19.06 
Tron (Fe,0,) and 
Alumina (A1,0,) ...... 7.56 “! 6.84 9.76 
Calcium Oxide (CaO) ... 62.40 62.80 61.23 
Magnesium (MgO) ...... Trace 2.64 2.83 
Sulfuric Acid (SO,) ..... Trace 1.34 1.34 


The laitance was found to be of a chalky color, hardening slowly, 
specific gravity 0.69 or of sufficient buoyancy to float until water-soaked. 
Samples of laitance taken out of the caissons in May, 1923, are still so 
soft that they can be easily crushed between the fingers. It appears to be 
a mechanical mixture of the finest particles of cement and a little fine 
sand and silt from the bottom. When the laitance is put through a No. 200 
sieve and remixed with water a whitish mortar is formed smelling strongly 
of lime. 


Laitance Quantity Records——Accurate records were made of the quan- 
tity of laitance in each foundation. The yardage of seal concrete placed 
was recorded by batch record, and records by computation of volume of 
the seal concrete were also made. It should be explained in passing that 
the batch record is hardened concrete yardage computed from the yardage 
per batch of the concrete poured in the dry for which accurate cross-section 
records were made. Assuming that the wash of the charge of concrete, as 
it is deposited under water, affects only the outside of the charge and is in 
no way a re-mixing with the addition of water, then no additional swell 
in the concrete can occur. The batch record yardage should then be de- 
pendable. The computed quantities were from soundings taken on the soft 
bottom before the seal was poured. These data show the computed volume 
of the seal to be 96 per cent of the actual or batch record volume. Some 
small amount of concrete was squeezed out of the cylinder beneath the 
bottom ring but the difference is largely in the soft bottom displaced by the 
seal. Some small part of the silt pushed up by the concrete without doubt 
became a part of the concrete but the larger part of the volume was 
doubtless pushed up into laitance mass. 
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FIG. 4.—ERECTION OF STEEL CAISSONS AND BEGINNING OF PIER FOUNDATIONS. 


FIGS 5 AND 6.—ERECTING A STEEL CAISSON (LEFT) AND WORKING IT INTO 
POSITION (RIGHT). 
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From data suggested in the foregoing paragraph and from certain 
reasonable assumptions following, an approximate percentage of the cement 
in the laitance will be arrived at. These figures are based upon data cov- 
ering the entire volume of the work and not upon one particular founda- 
tion. This proportion makes no claim of absolute accuracy, however. 

The difference in the total computed volume of seal concrete and the 
batch record volume can be assumed as the volume of silt or mud that was 


FIG. 7.—POURING CONCRETE IN THE DRY. 


scoured out and pushed up by the pouring of the seal concrete. Probably 
one-third of this volume became a part of the concrete itself and two-thirds 
or 81.3 cu. yd. became a part of the laitance mass. Using 29.5 per cent 
as the percentage of solids in the laitance, it follows that of the total 
volume of laitance 147.4 cu. yd. were solids. Deducting from this the 
81.3 cu. yd. of silt, the remaining 66.1 cu. yd. of cement over the total 
yardage of laitance or 499.6 cu. yd. will give 13.2 per cent as the per- 
eentage of cement in the laitance. Attacking the problem from another 
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side—divide the unit weight per cubic foot of laitance or 43 lb. by the 
unit weight of cement that has been hydrated barely enough to give the 
same tensile strength as laitance, or approximately 98 lb., multiply by 
29.5 per cent or the percentage of solids in the laitance, for a result otf 
13.0 per cent of cement in the laitance. It is therefore reasonable to 
assume 13 per cent as near the truth. 

Even though 25 sacks of cement were added to the required amount 
for each seal to take the place of loss, at the worst the mix was reduced 
from 1: 2:4 to 1: 2.8: 5.6. If the loss in tensile or compressive strength 
were merely what should be expected from the loss of richness of the mix 
the loss could be easily remedied by an additional allowance of cement. 
As the loss is of the fines of the cement it is a more serious matter. 

Cement and Laitance Tests—Cement is composed of a gradation of 
particles from an impalpable dust to a comparatively coarse clinker. Of 
this mixture the clinker or coarse particles are comparatively inert and 
only the finer particles or dust have quickly setting or binding character- 
istics, being, therefore, the most valuable portion of the cement. Taken 
separately neither dust nor clinker is effective but taken together a bal- 
anced mixture is formed. The dust in water forms laitance, while the 
clinker in water forms a weak mortar. If the two portions of the cement 
are remixed a greatly improved mixture results. To illustrate: 

Into fresh water Atlas cement to one-tenth the volume of the water 
was dropped a little at a time and thoroughly stirred for some minutes 
and allowed to settle for three hours at which time the water had cleared 
up. On examination the deposit was found to be at the bottom a dark 
brown, almost black, coarse and gritty substance or clinker overlaid with 
slime or laitance. The volume of the resulting clinker and slime was found 
to be several times that of the cement used, as is always the case with 
cement agitated in an excess of water. Briquettes were then molded of 
neat laitance and of mortar using Ottawa sand in the proportions of 5 of 
laitance to 1 of sand, 4: 1, 3: 1, 2:1, 1:1, 1: 2, 1: 3, 1: 4 and 1: 5 and of 
the retempered mass or remixed clinker and fines. The results are shown 
in Fig. 8. Twenty-eight day tests showed the tensile strength of laitance 
to be 39 lb. per square inch; 1: 1 mortar 107 lb.; 1: 5 mortar 76 lb.; and 
of the retempered neat mortar 144 lb. per square inch. To further illus- 
trate: 

In 1909 Edward Godfrey of Pittsburgh found by experiment that if 
the fines or dust cement lodged upon the rafters of the cement mill were 
mixed in varying proportions with sand from 1: 10 mortar to neat, that 
between the two extremes a balanced mixture was reached. This balanced 
mixture was found to be 1: 2 mortar which showed a tensile strength of 
855 lb. per square inch for 28-day tests compared to 165 lb. per square 
inch for neat mortar or Jaitance and 134 Ib. per square inch for 1: 10 
mortar. (See Fig. 8.) A further corroboration of this peculiarity of 
cement was found on examining buckets of laitance that had been removed 
from the foundations of Coal Pier No. 2 and allowed to dry out for 
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several months. Small amounts of sand here and there were found in the 
mass of laitance. Whenever sand was encountered the laitance and sand 
zones had set into lard masses between which masses was to be found 
pure laitance that crumbled readily between the fingers. In other words, 
the sand and the fines had formed more or less balanced mixtures. 


Observations and Suggestions.—Laitance, as has been pointed out, va- 
ries in chemical constituents from those of the cement used on the work 
no more than one standard brand of cement varies from another. It there- 
fore seems unlikely that any chemical reaction or crystalization of im- 
portance takes place between sea water and the cement of the laitance 
during the pouring or during the four or five days that the laitance has 
remained immersed. In the mind of the writer the suspicion has lingered 
that the chemical constituents of sea water are responsible in some meas- 
ure for excess formation of laitance in under water concrete. While this 
suspicion is strengthened it has been by no means confirmed. 

Bates, Phillips and Wig, in Technologic Paper No. 12 of the Bureau 
of Standards, have shown that 1:2: 4 concrete of Jersey sand and trap 
rock of a consistency called “quaking or mushy” when placed by a 5 in. 
tremie under fresh and sea water develops in fresh water at four weeks, 
three times the compressive strength of that poured in identically the 
same manner under sea water. Quite evidently something of importance 
takes place between sea water and the cement of under water concrete 
during the first weeks. On account of the conflicting views as to the 
behavior of cement in sea water it is not the intention of the writer to 
suggest the addition to the cement of siliceous materials or the use of 
special cements, but rather improvement through better protecting the 
plastic mass of concrete from contact with fresh or sea water by more 
careful methods of placing. 

The formation of laitance withdraws from the concrete by wash the 
fines of the cement. It is extremely doubtful if the concrete placed by 
bottom drop bucket or tremie is so affected throughout its mass. It is 
highly probable that only the outside of the concrete charge is so affected 
and that the resulting concrete consists of masses of dense concrete between 
which will be found pockets or layers of concrete of much greater porosity. 
If the amount of permeability of the concrete is responsible for the rate 
of disintegration by the action of the salts of sea water and of the alkali 
waters of the West, it follows that the presence of layers or pockets of lean 
concrete or of laitance or construction seams invite failure. It is therefore 
of the greatest importance that the formation of laitance be held to a 
minimum. In the case of the Virginian Railway Pier No. 2 the steel 
caissons were left in place after completing the foundation. This is a very 
effective protection against the action of the sea water. 

Whether or not any chemical reaction of importance occurs between 
the salt water of Hampton Roads and cement in the formation of laitance, 
the condition of the mix and the wash is in large measure responsible. It 
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is mainly a question of manipulation. Laitance can be held to minimum 
by the following: 


(1) Use a clean aggregate. 
(2) Make the bottom as free of mud as possible. 
(3) Use fresh water in the mix, free from dirt, earth or sewage. 


(4) Cut off all high piles that have driven to refusal. Hold the pene- 
tration of the foundation piles into the concrete to a minimum 
for stability. 


(5) Use mix of a relative consistency of from 1: 10 to 1: 15 and use 
the slump test to keep the consistency uniform. 


(6) Leave the bottom drop bucket open at the top but with bottom 
doors that open freely downward- when tripped. Till the bucket 
completely with concrete before being slowly lowered. When 
discharged the bucket should be returned slowly until clear of 
the concrete. The installation on the bottom of the bucket of an 
automatic trip so arranged that the bottom drops cannot be re- 
leased until the trip has touched pile heads or concrete. Ii 
metal top doors are to be used they should preferably rest upon 
the charge of concrete when the bucket is full and open down- 
ward and follow the concrete as it is emptied.. If the usual top 
doors resting upon the rim of the bucket are to be used it should 
be so arranged that they can be opened slowly upward before the 
charge is emptied. 


(7) If the arrangement of the foundation piles and the shape and 
dimensions of the foundation caisson are such that the tremie 
can be used to advantage it is preferable to the bottom drop 
bucket, in the writer’s opinion, provided the nose of the tremie is 
kept below the surface of the concrete already placed and the 


pipe is continually full of concrete. Every charge lost means 
additional laitance. 


In passing it should be added that retempering of concrete has also been 
found of advantage in the elimination of laitance. This process consists 
in mixing concrete and storing for several hours during which time the 
initial set takes place. It is then returned to the mixer and remixed with- 
out the addition of water. Concrete retempered inside of two or three 
hours gains slightly in strength, hardens much more rapidly, will show no 
shrinkage after being placed in the dry, or swell when poured under water, 
and will not lose the fines of the cement through wash to any appreciable 
extent. English engineers extend the time of retempering to as much ag 
five hours. Retempering of concrete on work of any magnitude in this 
country is of somewhat doubtful value as the time lost in storing and 
remixing is an important factor. The cost of furnishing either the neces- 
sary hopper cars and track for three hours’ storage or the construction of 
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bins, chutes and an elevator or any other storage device would necessarily 
be reflected in the unit cost per cubic yard to such an extent as to make 
the plan on many jobs unacceptable, 

The application of corrective measures to the pouring of the under 
water concrete for the Virginian Railway Pier No. 2 effected a marked 
improvement. Whereas on the extreme inshore end of the pier the forma- 
tion of laitance reduced the mix from 1: 2: 4 to 1: 2.8: 5.6, on the outboard 
end of the resulting mix averaged 1: 2.2: 4.4. In short, if laitance de- 
velops either in under-water concrete or concrete poured in the dry the 
cause is too much water either in the mix or added to the concrete in 
placing. 

Inasmuch as practical suggestions for the handling of a situation such 
as has been outlined are conspicuously lacking in technical literature, the 
writer offers the foregoing to the field man who is at times completely at 
a loss as to the causes and remedy for the apparently erratic development 
of laitance. 


Mr. Godfrey. 


DISCUSSION. 


Epwarp Goprrry (by letter).—The discoveries of Mr. Miller on the for- 
mation of laitance on concrete deposited in water, and his recommenda- 
tions regarding the handling of concrete to avoid or lessen the formation 
of laitance, are very interesting and of vital importance. .The analyses 
that show that this substance is identical in composition with the cement 
and that laitance is not, as we are sometimes told, decomposed cement, are 
also of interest and importance. 

Recognition of the facts pointed out by Mr. Miller is of the utmost 
importance. It is by recognition of facts such as these that progress in 
the handling of concrete is made. It is to be sincerely hoped that Mr. 
Miller’s emphasis on these things will be heeded by engineers and particu- 
larly by authors of standard literature. He calls attention to the con- 
spicuous lack, in technical literature, of the things he points out. 

Mr. Miller shows by analysis that laitance is identical in composition 
with the cement; that the coarser particles of the best portland cement 
are totally inert; and that the laitance or finest dust of cement is the 
only cementing substance present. 

That laitance or true cement is totally useless and hopelessly weak, 
unless it is mixed into the interstices of some inert substance, .such as 
inert cement particles (too coarse to be true cement) or sand, are further 
facts which are explained in an article I wrote in Engineering Record, 
Oct. 16, 1909, p. 435, and re-demonstrated by Mr. Miller. 

To the colloidal nature of cement Mr. Miller does not refer, but the 
facts demonstrate clearly that the strength of cement is due to its colloidal 
or glue-like nature and not to crystallization. Another paper to be read 
at this convention makes this statement, “instead of the lime liberating 
and crystalizing, thereby forming a reticulated structure which bonds the 
small particles of aggregates together,” etc. This is said of lime which is 
also a colloid, and it illustrates a commonly held notion that the strength 
of cement is due to a mesh of crystals. This is a false notion, and intelli- 
gent use of cement is impossible until such notions are dissipated. 

Not long ago an article by an expert in the chemistry of cement on 
the subject of laitance dealt with this material as though it were merely 
something of no value—on a par with mud—and the only problem was 
to get rid of it. The fact that this is the very product that is made by 
ihe undoubted improvement of cement manufacture—fine grinding—and 
represents large capital investment that produces that fineness, did exhibit 
itself in that expert’s paper. The seriousness of the formation of laitance, 
in any quantity, because of the loss of cement value, and means of pre- 
venting its formation, did not seem to concern the writer of the paper. 
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Mr. Miller finds that concrete deposited in water may lose 13.2 per 
cent of the cement in the laitance. I have stated that it is well to use 
about 10 per cent extra cement for concrete that is to be placed under 
water to allow for loss. 


Mr. Miller mixed his concrete 2 to 3 minutes, which is long for mixing 
concrete; less than one minute is very common. I have recommended 
extra long mixing for concrete to be placed under water, as does also the 
article to which Mr. Miller refers. 

Retempering concrete or holding it for any time after mixing are both 
universally condemned and warned against in all standard literature and 
specifications, with no suggestion of any beneficial results under any con- 
dition. Mr. Miller found that holding for hours and retempering were 
very beneficial where the concrete is to be deposited in water. I have re- 
peatedly recommended these prohibited practices. 

A method of depositing concrete under water through a tremie, kept 
full of concrete and operated so that the concrete flows out the lower 
end as easily as possible, is not mentioned by Mr. Miller. 


In view of the vast amount of testing done to discover what is the . 


absolute maximum compressive strength that can be wrung out of a mini- 
mum content of cement, by the most artistic laboratory manipulation, it 
is pertinent to quote, anent Mr. Miller’s discoveries, from my article, “If 
these phases of the nature of portland cement were emphasized in works 
on the subject, users of cement would no doubt learn to treat it more 
rationally.” 


THADDEUS MERRIMAN.—It is not necessary to go to under water plac- 
ing of concrete in order to discover and study laitance. Much of it is 
to be found on nearly every work done in the open. On some jobs much 
more laitance is formed than on others, even if the same brand of cement 
and the same aggregate are being used. There is some as yet unknown 
condition which tends to cause the formation of laitance. The fact that 
it rises to the surface is an index of its low specific gravity, but the fact 
that it is seen on the surface should not be construed as indicating that 
no more of it is scattered throughout the mass of the concrete. It ap- 
pears as though many of the cases where low strength is observed may be 
attributed to the excessive formation of this substance. The chemical 
analysis reported by the author shows that laitance is very much like the 
cement but the analysis itself is questionable in that it does not report 
either carbonic acid or insoluble residue. We have made many analyses of 
laitance in the endeavor to find a clue to the reason for its formation. 
Our analyses all show that it is saturated with carbonic acid and con- 
tains much insoluble silica which comes from the sand which is mixed 
with the concrete. 

Last summer we made a large number of columns each a foot square 
and about five feet high, in the endeavor to introduce conditions which 
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would tend to produce laitance but without success. We have noticed 
that laitance seems to be absent from specially mixed test specimens but 
is nearly always present in concrete as it comes from a mixer. We have 
also observed that the quantity of laitance present is proportional to the 
amount of water used; that is, the more water, the more laitance. This 
may be due in part to the fact that there is a period during the process 
when the SO, concentration is below that necessary to control the set and 
that during such period the finer particles of the cement set up as indi- 
viduals and so lose all of their cementing value and become inert. Another 
factor that has a bearing is the alkali content of the cement, and in this 
term we include only the hydates and carbonates of sodium and potassium. 
Calcium sulphate is more readily soluble in the presence of certain alkali 
concentrations than it is in others and so the “set”? may be either acceler- 
ated or retarded depending on the quantity of alkali present. The average 
portland cement if thoroughly treated with an excess of water will show 
that the solubles are, lime 36 per cent, SO; 29 per cent, alkalis 16 per 
cent, CO, 19 per cent. The solubility of calcium sulphate in a solution 
of alkali depends upon the alkali concentration and so, as the alkali con- 
tent of the cement varies, the protective influence of the calcium sulphate 
varies with the result that varying amounts of laitance are formed. This 
subject is well worthy of much study. Jf the entire story of the effect 
of the alkalis were known we would be a long way on the road to better 
cement and better concrete. Up to the present these very active constitu- 
ents of cement have been almost completely ignored. 

The following results of chemical analyses of laitance from the Gilboa 
dam are of interest. These results are expressed as the average of six 
separate determinations on six different samples. An analysis of the 
cement itself is included for comparison. 


Laitance computed 
to same basis 


Laitance Cement as Cement 
Silica: SiO Mieess cae eee 10.62 20.27 20.50 
iron OxideyheOteereeee te 2.18 SASF 4.21 
Alumina cAIGO sans cee ee 4.68 7.94 9.03 
Linnie CaO ees see cae: 29.93 62.09 57.76 
Magnesia MgO teen. oe... 1,82 2.40 3.51 
Sulphuric Anhydride SO, .. 1.34 1.72 2.59 
Loss on ignition ......... 25.80 2.05 2.05 
Insoluble residue ......... 23.63 .20 .20 
AlKalios a aes seek aes ere n.d. n.d. n.d. 

100.00 99.85 99.85 


The loss on ignition for the laitance represents the loss after the 
sample had been dried for four hours at 100 deg. C. Approximately 90 


per cent of this loss was carbonic acid and most of the balance was water 
of hydration. 
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T. P. Watson.—To me there is no mystery about laitance. The pres- 
ence of laitance is the result of the use of excessive water and it is 
practically impossible to avoid its forming on concrete placed under water. 
The excessive water content floats the light impurities in the cement, sand 
and coarse aggregate to the surface of the concrete and forms this scum 
or substance known as laitance. ‘ 

Our experience with designed mixtures in the past six months has 
been, that we have not had any laitance form on our concrete placed in 
forms not under water. Regarding the method of placing concrete as out- 
lined in this paper, I cannot conceive of the necessity of dropping concrete 
through 5 ft. of water. Anything might happen to concrete dropped 
through 5 ft. of water into the silty material usually encountered sur- 
rounding pile foundations. 


C. A. P. TurNEeR.—Laitance prevents satisfactory bond between the 
newer layer and the older concrete. With a decrease in the relative amount 
of water used the amount of laitance brought to the surface decreases. 
In bonding the new and the older work it is better to remove the laitance 
before the older material becomes hard. It may then be scraped off and 
the surface roughened with a rake and a good bond for the next layer 
secured. 

Material similar to laitance is developed where the concrete is allowed 
to flow and separate. Thus, if the workmen fill a beam box before filling 
the columns and allow the material to dribble into the column box sep- 
aration occurs and concrete of little strength results which resembles sur- 
face laitance. It is about half as heavy as sound concrete and less than 
a third as strong and will necessarily have to be dug out and replaced for 
dependable material in the column core. 

In sealing cylinders 40 to 60 ft. under water a foot of top material 
partly mud and partly laitance is sometimes encountered on the surface 
and then beneath this the concrete is sound and hard. This layer of in- 
ferior material results from the fact that the concrete being heavier than 
the light mud and at the bottom of the cylinder displaces it, forces it to 
the top along with the laitance and silt which, notwithstanding washing 
of the bottom with the water jet and taking out everything which the 
clam will bring to the surface, has been left to be displaced when the seal 
is made. There is great difference between brands of cement with respect 
to the amount of laitance and the care which must be used in splicing 
beams in building work. Sections a yard long wedge shape sometimes drop 
from the underside of the beam of their own weight, where splices have 
not been made as they should have been in a vertical plane. 


Durr A. ABRAMS.—In general the author has properly stated the case 
of laitance, but I believe he has misinterpreted the curves in Fig. 8, deal. 
ing with what he calls a balanced mixture. The results found are due to 
the fact that he is testing briquets and that the strength of a briquet de- 
pends not only on the strength of the material, but also on its stiffness 
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and rigidity. The dropping off in strength is due to the non-uniform dis- 
tribution of stress across the section and does not reflect the true prop- 
erties of the material. The tests of Mr. Godfrey cited by the author may 
be explained in the same manner. I do not believe there is such a thing 
as a “balanced mixture.” Compression tests of concrete from all cement- 
ing materials show an increase in strength as the quantity of cement is 
increased. 


A Memper.—Does the rigidity of the test specimen apply to alumina 
cement now coming on the market? 


Pror. ABRAMS.—Yes; our tensile tests of high-alumina cements both 
neat and 1: 3 mortar show a retrogression in strength at periods of 3 to 
7 days; in portland cement retrogression generally begins at 28 days or 
3 months. Invariably the l-year tests of briquets are lower than at some 
earlier periods. With the same cement in concrete you do not get that 
result, but a continually rising curve with increased age, This subject 
was gone into thoroughly in some tests carried out both in this country 
and England in a critical study of the stresses in a briquet; in other 
words, you get a tearing action that starts at the edge and works inward, 
and do not get the actual uniform distribution of stress across the section. 
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COLUMN AND FLOOR FORMS—EXAMPLES OF FRAMING AND 
RELEASING. 


By J. A. TuRNER.* 


Preliminary to a discussion of details in reference to the above sub- 
ject, it is necessary that a summary be made of the general items of costs 
in connection with formwork. In general, the total cost of formwork to 
any, contractor on any concrete job will be made up of the following items: 


1. Cost of the lumber used: this is dependent upon 
A Economical design of forms, 
B Maximum number of uses of forms, 
C Minimum amount of replacement after each setup, and 


D Salvage value at end of job. 


2. Labor expended: this cost is dependent upon 
A Cost of making into the shapes or units to be used, 
B Cost of setting up in position for concreting, 
C Cost of taking down or stripping after concrete has suffi- 
ciently hardened, and 
D After stripping, the cost of handling and hoisting and 
placing for the next setup. 


It is evident that the details to be followed in making up the form 
units is going to have a very decided bearing on all of the above items. 
Forms so constructed that they can be easily released and reset will effect 
savings in both the amount of lumber consumed and the labor expended. 
Considering items 1 and 2, we find that in designing the forms they must 
fulfill the following requirements: 

A Substantial and reasonably unyielding but as light in weight as 

possible. 

B Few units as possible but no unit excessively heavy or cumbersome. 

G All corners and intersections of units so framed that the units can 

be easily released, saving labor in stripping and carpenter work in 
rebuilding. Solid square intersections must be avoided. 

D Provide vertical wooden keys at intersections of beams with columns 

and with girders. Where beams frame into girders, keys required 


«Turner Construction Co., Philadelphia, Pa, 
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on one end only. Keys to be of uniform size in order that same 
can be sawed out on power saw. 


The above points are those requiring careful study on all jobs. Now 
to get down to concrete examples, let it be assumed that we have a stand- 
ard flat job of say eight stories with typical floors. Generally, one full 
floor of forms will be constructed and used eight times unless the floor 
area is exceedingly large and sufficient time is available to use forms twice 
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FIG. 1—FORMS FOR TYPICAL BAY. 


on each floor. However, sufficient vertical supports must be provided for 
several floors. 

In the making of the one floor of forms it is necessary that the units 
be constructed in order that those that can be removed the earliest be 
framed to release ahead of the balance of the forms. This is essential to 
make the maximum amount of speed. The order of removal is as follows: 

1. Column forms. 7 

2. Forms supporting depressed sections around column heads. 

3. Forms for exterior beams. 

4, Forms for main slab. 


Forms FoR Conoretr BUILDING CONSTRUCTION. 87 


The interior columns are usually of metal and the exterior of wood 
construction. The exterior columns are easily released if keys are pro- 
vided around the beam sides intersecting same. The forms supporting 
depressed sections around column heads are usually supported on separate 
shores which can be safely removed earlier than the main slab shoring. 
The details of this portion of the forms are shown on Figs. 1, 2 and 3. 
These details can be varied somewhat, but the object must be to permit 
easy and rapid removal in order that this portion of the forms be erected 
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FIG. 2.—ELEVATION COLUMN AND SLAB FORMS, 


for the next setup by the time the removal of the main slab forms is 
started. The exterior beam forms are easily released by removing the 
shores under one beam at a time and reposting immediately. To release 
this form quickly and economically it is necessary that vertical keys be 
provided at each end of the beam side where it intersects the column, and 
the bottom be cut slightly shorter than the neat distance from concrete 
to concrete of the columns and with a slight bevel, as detailed in Fig. 4. 
By this procedure the beam forms can be kept intact in one unit saving 
loss of material through breakage and mislaying, and also carpenter labor 
in erection. This unit can be hoisted and set in position by unskilled labor 
ready for the mechanics to secure in accurate location and replace the keys. 

The supports for the main portion of the slab should be made up 
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similar to that shown in Figs. 1, 2 and 3. The 4x4 posts are handled 
singly, as are also the 4x 6 capping plates or ledgers. ‘These are hoisted 
and set up by carpenters ready to have the panels landed and placed in 
almost correct position by unskilled labor. The 7m-in. decking is made 
into panels using the 3.x 4 spreader supports as battens. These 3x 4’s ex- 
tend from one 4x6 to the next and when the panels are made up it is 
necessary to arrange for staggered spacing of 3.x 4’s in adjacent panels in 
order that the 3x 4’s may secure full bearing on the 4x6 plates without 
fouling one another. 

Panels should be made the length of the span from column to column, 
that is, to extend from the center line of one column to the center of the 
next. Panels between heads, of course, can only be the length from de- 
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FIG. 3.—SECTION THROUGH EXTERIOR BAY. 


pressed slab to depressed slab. A convenient width of panel and spacing 
of 4x 6 plates is usually from 4 ft. 6 in. to 6 ft. 6 in. Beyond 6 ft. 6 in. 
the panels become too unwieldly and heavy for laborers to handle. 

With the use of this system of formwork it is essential that a 6x6 
permanent shore be placed in the center of the span before the concrete 
is poured to remain as the permanent shore when the 4x4 supports are 
removed. This 6x6 is placed directly against a small panel about 12 in. 
square cleated to the main panel in order that all forms except the small 
panel over the 6x 6 may be removed without disturbing the 6x6. One bay 
of forms is removed at a time and an additional 6 x 6 is placed in the cen- 
ter of the band as soon as the panel is lowered to give permanent support 
for the slab at these points. This system permits the reuse of all of the 
floor of forms including the 4x4 shores except for the reposts under. the 
exterior beams and the 6 x 6’s. It also meets the requirements for economy 
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as outlined on p. 85. The unit cost per square foot for unskilled labor 
expended is slightly increased, but the expenditure required for skilled 
labor at high rates is materially reduced—unskilled labor not only per- 
forming all stripping and hoisting work but also doing a great part of the 
setting in place. A large saving is effected in lumber used, as the amount 
to be purchased for replacement after the forms are made complete for 
the first setup is almost negligible. As previously stated, however, the 
forms must be constructed with bevel cuts and keys in the beams in order 
that the forms may be released without excessive prying with bars, which 
is expensive both in labor used and lumber destroyed or damaged, requiring 
mechanics to patch. 

Beam and Girder Construction.—Everything that has been said before 
applies more forcibly to beam and girder construction than to flat-slab 
construction. In beam and girder work there are more vertical points 
of contact in the forms and consequently._more places to bind and more 
necessity for keys. It is also essential that the units be kept intact. If 
beam and girder sides are to be taken apart from the bottoms, labor must 
be expended to take them apart and carpenter work is created in the 
nailing together again. It is evident also that if the %-in. decking is not 
made into panels much lumber will be lost or broken, requiring the pur- 
chase of additional lumber and the spending of additional labor to make _ 
the replacements. 

It is an established fact that anywhere from 20 per cent to 40 per cent 
more lumber will be used on an eight-story beam and girder job if the 
columns, beams, girders and deck forms are not made into units and kept 
intact. It will be found that additional lumber will be needed to complete 
every floor of forms and on top of the purchase price of the lumber must 
be added the labor expenditure of receiving, hoisting and using of this 
lumber. 

This wasteful expenditure can be eliminated by making the columns, 
beams, girders and deck panels unto complete units. But as stated above, 
these units can only be kept intact and readily released when stripping 
providing keys have been constructed. 

Fig. 5 shows in detail the key construction for both the intersections 
of beams and girders and beams and girders with columns. The panels 
are made with the spreaders attached. 


COLUMN FORMS. 
By L. H. Usizton.* 


In the design of column forms an effort is directed toward securing 
the maximum economy without injuring the appearance of the finished 
work. This requires as careful preliminary study as is given to the general 
procedure of the work. The plans and specifications must be carefully 
surveyed, materials purchased and arrangements made for storing and 
handling so as to avoid loss or damage. 

General Requirements.—The requirements necessary to secure a good 
appearance are that lumber must be piled evenly so that it will not warp 
or twist; that in making, the different pieces be wedged tightly so that 
subsequent drying will not shrink, causing numerous fins to form; and 
that after making, an effort be made to keep the lumber damp to prevent 
such shrinking. Naturally, the different pieces must be of sufficient 
strength to take the concrete pressures without permitting any bulging 
or shifting. It is well to limit the width of sheathing to 5% in. or 6 in, 
since wider pieces shrink a great deal more and leave heavier fins. Also, 
nails should not be driven home in the sheathing since subsequent wetting 
causes the wood to swell, countersinking the head and leaving protuberances 
on the face of the column corresponding to the nail head. 

Costs.—Cost, in general, consists of labor, material and indirect charges 
whose importance depend on the influence the final form design may have 
on the remainder of the work. The direct labor and material costs are not 
difficult to ascertain but the matter of gauging the influence of the use of a 
certain type of column on the job may be very difficult. Those columns, 
cheaper in themselves, may cost more in the long run by delaying the 
progress of the work or by requiring extra work in making connections. 

Direct labor costs are those involved in receiving and storing the neces- 
sary materials, handling to the job mill and performing the operations 
required there (boring, ripping, cutting), making into units suitable for 
easy handling, transporting to place, erecting, bracing and tightening, 
removing, repeating the handling and erecting cycle as often as necessary, 
then the final handling, breaking up and disposal. 

Direct material costs arise from the purchase of lumber, nails, grease, 
bolts, washers, nuts, clamps, sheet metal and the various tools required to 
do the work. 

Usual Design.—The usual design of exterior column form consists 
of vertical sheathing of tongue and groove material nailed fast to yokes 


*General Superintendent, Barney-Ahlers Construction Corp., New York City. 
(91) 


92 CotumMN ForMS. 


of a size sufficient to take the pressure of the concrete. These yokes are 
usually 3x6 or 4x6 on the long dimension of the column and extend far 
enough past the form and yoke on the short side of the column to take 
bolts through holes bored in the long yoke, and yet admit a wedge to be 
driven between the bolt and short yoke close up to bring pressure on the 
short side. These forms are supported on brackets bolted to the pedestal 
or column immediately below, the bolts being stud bolts embedded in the 
concrete when poured previously. At the top provisions are made for 
connecting up with the floor and with the exterior lintel. All connections 
are made with small loose pieces called keys which, removed first, give 
the clearance required for easy removal. 

Special attention must be given to the lining up of the top of the 
column where lintels come in on the outside and a bracket on the inside. 
Here bolts are not practicable and a vertical cantilever is used bolted 
through the top yoke lying below the lintel with the cantilever extending 
up to top of lintel to take the pressure of the concrete, and also running far 
enough down (one or two yokes’ distance) to take care of any stresses 
arising. These vertical pieces are usually 4x 6 and two per column. 

It is usual to add small triangular or rounded pieces to all square 
corners in order to eliminate breaking off when removing forms. These 
vary from % in. to 2 in., depending on the size of the sections and to not 
appreciably lessen the concrete yardage. Also, small “recesses” are added 
to provide for sash, brick or tile to tie into. These are made with beveled 
edges so that they may be removed easily. 

Column Design.—Interior columns are generally of round section with 
flaring capital and depressed slab section around the top. Forms are 
usually of metal and it is always necessary to take up with the metal 
form contractor the connections necessary for his columns. These vary 
considerably and provision must be made in the floor forms to take the 
head arranged for. These forms consist of metal sheets built to radius 
desired with rings or clamps of proper bend at sufficiently close spacing to 
preserve the lines of the columns. The flaring capital is made of various 
sheets and then fastened to the shaft and a ring placed at the junction. 
Some of these forms are supported on the lower floor; others are suspended 
from the floor form above. Provision must be made, however, especially to 
support the depressed head which may be carried down by the weight of 
concrete in pouring. 

Variations in exterior column forms are made in many ways depending 
on the particular conditions existing on the job. Yokes may be left loose, 
battens being used to hold the sheathing together making lighter units 
to handle but more pieces to handle and perhaps lose. Instead of bolts, 
wooden clamps may be used with cleats holding at the corners and 
wedges added as the column is reduced. The metal clamps with a set 
screw gripping a rod may be used instead of bolt and nut. Adjustable 
metal clamps for any size of column may be substituted for ‘yokes. These 
make a much lighter column and eliminate some labor in making up. Also, 
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on wide columns, in order to avoid very heavy yokes a vertical piece may 
be connected by bolts through the center of the column with another on 
the opposite side. Where columns are to be moved vertically the weight 
does not have much influence on labor cost. A winch will be used and a 
heavy column will come up as fast as a light one. Here there should be 
as few loose pieces as possible. Where, however, forms are to be lifted or 
handled by hand a study should be made as to just how they should be 
lightened, whether by loose yokes or by use of the clamps. 

Interior columns may vary from the customary round metal to various 
shapes—octagonal, square or rectangular. Square or rectangular sections 
may be built similar to exterior columns except that the top connection 
to floor will probably be different. Octagonal columns may be made 
similar to square ones with triangular pieces fitted in the corners to 
bring in four additional sides. Round columns or columns approaching 
round shape may be made of wood. Full round columns are difficult to 
reduce. Where, however, the forms are made of an alternate tangent 
and curve, with the whole keyed in place and clamped by a chain, it is 
easy to reduce by ripping part of the width from the tangents. 

In designing interior column forms one point must not be lost sight 
of—when wood columns are used and are set up, a support true to line 
and grade is provided for adjacent floor forms. Where metal column forms 
are used these supports (usually wood horses) must be provided, thereby 
increasing the cost of floor forms. Therefore, where metal columns some- 
times show cheaper in themselves the extra work which is charged to the 
floor may offset the advantage. This particularly applies to beam and 
girder jobs where round columns are used. 

There are special cases of column design which may occasionally 
come up. Corner columns are usually L-shaped and are made similar to 
typical column with the corner blocked out. Columns against a wall must 
often be braced from the outside and stud bolts may be placed in the 
floor below to hold a ledger for such bracing. Also, expansion bolts may 
be placed in the wall. The wall i itself may need bracing against con- 
crete pressure. Columns built monolithic with the wall usually bolted 
through in one direction, the other being braced against the adjacent wall. 

Bracing is usually formed of level bracing in both directions to the 
adjacent column and diagonal bracing at least at the end of every row 
In each direction. Diagonal bracing may be to the base of the nearest 
column or to blocks secured by stud bolts in the floor. 

Planning the Job.—In order to get an economical and straight job 
it is first necessary to take the plans and decide what set of forms is to 
be made up, then to figure each form move in detail, and what alterations 
are to be made. Occasionally concrete design may be altered to simplify 
this work. Forms are then planned to minimize alterations and handling. 
As an example, if columns are to be reduced in size it is well to make 
the side with strips which can be knocked off, thus eliminating hand rip- 
ping. Extra bolt holes should be bored in yokes by a boring attachment on 
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the saw so that they are not done by hand. Yokes should be laid out to 
minimize work when changes in the length of columns are made. On 
small jobs where there is no saw, Tecesses will sometimes cover a small 
opening in the short side of the column and save ripping. 

Having gone into this phase thoroughly it is necessary to order ma- 
terials to fit. Price will sometimes determine the decision, but in general 
clear, light woods are selected. Materials are received at the nearest 
point to railroad or road. Those to be milled should be moved towards 
the mill (which movement should always be toward first setup), then 
made, greased and piled neatly or moved into place. In building, all 
connections should be made with provision for bevels or angles to give 
clearances allowing forms to be removed and not wrecked, particularly if 
they are to be used again. After the construction plan is followed through 
it is necessary to wreck and clean up whatever is left. Cost of this clean- 
ing up and the salvage value of material.should be figured in the cost of 
forms. 

In addition to the costs of material and labor there may- be others 
to be taken into account. It would not be economy to save on column 
forms and lose a greater amount on another part of the job. For example, 
when metal form erection is let by sub-contract in addition to the cost 
of placing horses for support, the work of these men may be so slow as 
to slow up the whole job. Also, at the finish of a floor (forms) work may 
be a little slow for the carpenter gang and a number of columns may be 
set up before floor forms are ready to be removed. These are considera- 
tions which can be rated only as result of experience on other jobs. 

Hard and fast rules cannot be laid down as it is only after a close 
study of all the requirements of a particular job that forms can be planned. 
Speed, type of finish required, character and supply of labor, price of 
various materials, prospect of other work, size of the job—all these must 
be taken into account. Sometimes, in haste, forms are designed to be 
put up with no thought given to taking them down, a costly procedure. 
There are comparatively few importaft differences in the construction of 
column forms which have much influence on the cost, the principal one 
being the use or disuse of any of the various clamps on the market. Con- 
tractors using clamps point out that when the cost of wood yokes—labor, 
cutting, handling, boring and making, of handling extra weight and of 
final wastage—are taken into account clamps prove cheaper.’ Others claim 
that initial cost, loss of parts, lack of adaptability, and the fact that 
more pieces are to be handled prevent their use. There can be no ques- 
tion but that certain types will work out splendidly on certain jobs. 
Whether wood yokes or clamps are desirable is a question which the 
superintendent and carpenter foreman must work out. 

With many different cost systems in use it is out of the question to 
decide that any device or method is economical without first making a 
close study or perhaps a trial on a small scale. 


ADJUSTABLE SHORES Acarnst 4.x 4 Woop SHORES. 
By E. C. Harprna.* 


A comparison between adjustable shores and 4 x 4 wood shores is a 
very complex subject. Each construction project presents different prob- 
lems in shoring the forms. The type of construction, story heights, sloping 
floors, etc., will mot admit of a general comparison. Shoring operations 
must be analyzed and studied. The unit operations will not vary materially 
on different jobs and different types of construction and a combination ot 
these units will present totals that can be used for comparison. On account 
of these variables it is misleading-at times to say that it costs a certain 
amount to shore formwork. The following data are presented for the 
various unit operations. 


INITIAL Costs. 


Adjustable Shores.—General speaking there are two methods employed 
to take care of the initial cost to each job. The shores are either rented 
to the job on a per diem basis or each job is charged a predetermined per- 
centage of the initial cost. The initial cost is made up of the following: 
purchase price, depreciation, repairs, and a carrying charge. The pur- 
chase price depends upon the type of shore and will vary between $4.50 and 
$5. Depreciation is generally figured at 20 per cent per year. One manu- 
facturer of adjustable shores has made an analysis of the cost of repairs 
and finds that over a period of six years and a total of 17,000 shores 
among seventeen users, 7¢ per shore per year is the average; this amount 
appears low and it is recommended that twice this amount be used. Six 
per cent is usually figured for carrying charge. 

44 Shores.—When 4x4 shores are used the material is generally 
charged to the job and the usable material left is salvaged at a certain 
percentage of the first cost. The other items entering the initial cost 
are wedges and splicing material, labor necessary to make up the shore the 
first time, and the labor necessary to splice out or cut off the 4x4. The 
cost of lumber varies in different parts of the country. Wedges cost about 
4¢ per shore setting. Splicing material from 10¢ to 12¢. To square both 
ends and cut to length costs 7¢. To splice a 4x4 costs from 35 to 40¢; to 
cut off 4¢. The above figures are based on $1.20 per hour skilled labor. 
The average life of a 4x 4 shore is seven shore settings, 


ERECTION LABOR. 


The erection labor per shore cannot be stated unless the type of con- 
struction, floor heights, sloping floors, ete., are carefully analyzed. A 


*General Superintendent, Ferro-Concrete Construction Co., Cincinnati, Ohio. 


(95) 


96 ADJUSTABLE SHORES AGAINST 4 x 4 Woop SHORES. 


comparison between 4x 4’s and adjustable shores on a large number of 
different jobs shows that adjustable shores can be erected at a saving 
of 8 to ]0 per cent per shore erected. 


BRACING. 
When using adjustable shores, fully extended, proper bracing is very 
essential and additional braces are necessary over the amount required in 


using 4x4’s. It is recommended that “X bracing” be used every 50 or 
60 ft. both ways. 


TYPES OF CONSTRUCTION WHERE ADJUSTABLE SHores ARE Not SUITED. 


Adjustable shores can be substituted for 4x4 shores in shoring of 
forms in concrete construction. An analysis may show that 4x 4’s are as 
cheap if not cheaper than adjustable shores. 


REQUIREMENTS OF AN ADJUSTABLE SHORE. 

In conclusion it is deemed advisable to- enumerate the fundamental 
requirements of an adjustable shore. 

Long Range of Adjustability-—This is self evident and is necessary 
on account of the limits to be covered. The range should include at least 
95 per cent of the shoring heights. 

Safety in Use.—No contractor can afford at any time to endanger his 
work or employees. He must be very careful to see that the operation of 
the shore does not involve a personal equation. It is necessary that the 
device be so constructed that there is absolutely no danger of setting it 
so that it will not carry the load. The lock must preclude any doubt 
of the shore slipping when used in any and every possible manner for 
which it is intended. . 

Simplicity of Operation.—Adjustable shores are erected by any one 
from common laborers to skilled mechanics, a great many of whom are 
not mechanically inclined and do not readily understand the operation 
of a device of this character. Any mechanism which is not easily and 
quickly understood will be a serious handicap in its operation, and will 
materially increase the cost of its use. The same crew of experienced 
men is not always available and in many instances the contractor must 
call upon men who have never erected an adjustable shore. The device 
ought to be a complete unit, as the correlation of several units involves 
increased cost. 

Sufficient Strength.—The device must he capable of supporting the 
superimposed load that it is designed to carry. 

Weight.—The unit should be a one-man load, or seventy pounds. 

Adjustability in Place——This is an important feature as it is very 
often necessary to move the shore either up or down. The jacking device 
must be simple in construction and efficient in operation. 

Construction of the Device-—The investment in adjustable shores is 
rather heavy. The unit must be so designed and constructed to withstand 
the wear and tear to effect the expected life and number of usings. 
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B. P. FLoyp (by letter).—The lack of standards is regrettable. The 
reason is perhaps obvious when one considers how few concrete buildings 
are alike. Also, lumber markets stock different sizes in different parts of 
the country. Comparison of costs mean little, due to lack of information 
in accounting systems. 

I am disposed to agree with Mr. Usilton of the Barney-Ahlers Co. 
that no hard and fast rules can be laid down for the proper forms for 
concrete buildings. Our experience has been that the difference between 
success and failure lies in the forms. A few general statements of what 
our years in the business have taught us may be in order. 

Forethought, experience, and repetition in my personal opinion count 
most. 

A very careful study should be made of every requirement of each 
individual job. Advance planning, even to minute details before any work 
is executed in the field, is extremely profitable. 

To build formwork is not difficult. To get the maximum efficiency in 
formwork is another story. Experience has helped wonderfully in reducing 
our form costs. Our records are continually being bettered. Almost in 
direct proportion to the number of buildings erected do our superintendents 
rank on the basis of low units. 

Everyone knows that the second time anything is done the performance 
is easier. I do not know where this applies better than on concrete 
forms. Have the forms always designed by the same man. Let the plan- 
ning be one man’s responsibility for all the work. A chosen crew of men 
in the field repeating the same operations year after year will bring almost 
unbelievable results. : 

Briefly, the Aberthaw Oo. feels that no one contractor holds the secret 
key to success in building concrete forms. The time spent in study and 
applying the knowledge gained by close personal contact with many opera- 
tions gradually develops the individual so that he soon becomes a master 
of the art. 

G. E. CHAMBERLIN (by letter) —On the building we have just com- 
pleted for the Victor Talking Machine Co., which engineers have stated is 
as fine a building as we have constructed so far as straight lines are con- 
cerned, we cut all the 4x4 shores to an exact length and erected them 
without any adjacent section or wedges. Care was taken to get a level 
floor and in order to remove the shore easily it was set on a 1x4 strip. 
We secured by this method very reasonable costs, as well as uniform slabs 


and level floors above. 
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In reference to dimension of yokes for column forms, our experience 
has been that if the speed of the job is normal and the columns of such a 
size that steel clamps may be used, considerable economy is effected in 
using the patent clamps instead of wood. 

We note the suggestion is made in your report that framing of forms 
should be done at the mill, with which we thoroughly agree, except that 
we believe in keeping them in units small enough so that they will not be 
clumsy and awkward to handle, which is likely to involve considerable 
breakage. 

The aim on every concrete job is cheap forms—low, ultimate unit cost 
in fabrication, handling, erection and stripping. We say ultimate because 
very often a seeming waste of labor in the fabrication of some part may be 
offset by the added number of uses obtained, or on the other hand, an 
apparent saving in erection costs may be thrown away in wasted labor or 
ruined material in stripping. 2 

Saving must be effected in both material and labor, in the former 
by (1) economical size and spacing of various parts, and (2) design of 
the members for the maximum number of uses; and in the latter by (1) 
first cost of fabricating the units, (2) standardizing the procedure of 
erection and stripping, and (3) adoption of such devices as will allow 
use of the cheaper grades of labor as far as possible. 

The above points must all be considered in relation to the job at 
hand; and any system adopted should have sufficient flexibility to cover 
all the needs of that particular job. For example, will there be a great 
preponderance of slab forms over wall forms, or vice versa? 

What is the total form area of each type and what mist be the 
speed of the job; in other words how many setups will be required? 

May the finished job be comparatively rough, as in the case of a 
prick veneer, or must it be neat and true to line? 

Here we will describe the system used on a large job where the bulk 
of the work consisted of forms for walls ranging in thickness from one to 
seven feet, and including foundations, tunnels, and finished exterior walls. 
The concrete pours would run from 5 to 20 ft. in height. The accom- 
-panying sketch shows a typical set-up. 

It was considered undesirable to wire the forms, especially the exterior 
walls, and %-in. plain round tierods with universal form clamps were 
used throughout. Wood spreaders were eliminated and removal of the 
tierods facilitated by the use of concrete spreaders. These were made of 
1:2 mortar 2% in. x 2% in. square, in lengths of 6, 8, 9, 10 and 12 in., 
with a l-in. hole through the center, and were reinforced with four pieces 
of No. 9 wire. As the tierod was put through the forms, spreaders to 
make the proper length were slipped on, and excellent alignment could be 
obtained as the spreader and tie acted at the same point. 

Walers were made of two pieces of 2 x 6’s, dressed four sides, separated 
1 in. by wood blocks to allow passage of the tierods, nailed from both 
gides and clinched. Only the soundest and straightest of the 2x 6-in. | 
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stock was used. They were made in the mill in lengths from 12 to 16 ft. 
and spaced 3 ft. ec. to «, proved very satisfactory in point of strength and 
service. 

For studs, 4x4’s dressed four sides were used 22 in. over center, in 
lengths of 8 ft. and up. These proved more economical than 2x 4’s as 
they allowed wider spacing on the walers with the maximum value of the 
face lumber, stood up well under rough handling, and if warped in one 
direction could be used equally well on the other face. No nailed splices 
were made, the stud lapping down behind the next waler. 

For surface lumber both T. & G. and Square edged was used. For 
panels, full sizes (15/16 in.x 5% in.) T. & G. in 14-ft. and 16-ft. lengths 
used. They were made with three 1x6 battens strongly nailed, 2 in. 
shorter than nominal length of boards and a uniform width of 3 ft. Out- 
side edges were square. These sizes were not too heavy and were readily 
handled in erecting and stripping. For filling out 1x6 in. and 1x § in. 
square edge, dressed four sides, was used. This material was bought in 
the same thickness and length as the T. & G. and was all run through the 
mill to the same cutoff length as the panels to avoid hand cutting in the 
field. 

Hardwood washers 2x4 in. 9 in. long were used with the universal 
form clamps to give uniform bearing on both members of the walers. 
Nailed splices in the walers were avoided by setting 2x 6’s above and 
below the main waler, long enough to bear behind one washer each side 
of the splice. 

The material throughout was standardized. A minimum number of 
parts was used and each part the least possible different sizes. The 
labor of erection was likewise systematized. Common labor supplied the 
material to the point of erection. To aid them, panels, walers and filler 
pieces after piling were marked with a color designating the length. 

Actual erection also followed the same lines. Where a wall started 
from a footing a 2x 6-in. kicker was spiked to the mat and the face form 
was always started with a 1x8 square edge; then followed the panels. 
Walers were spaced at the top of the 1x8 and at the joint between the 
panels. This added to the life of the panels, as after several uses, only 
the edge boards had to be replaced, and aided stripping as no rods were 
through the panels. 

For staging, a portable bracket, as shown in the sketch, was developed 
and used with great success. They were securely attached to the walers 
as soon as the tierods were in place, and proved much cheaper than the 
ordinary form of knee-brace staging, as they will stand an indefinite 
number of uses and can be set up, removed and reset with common labor. 


Mr. Harding. 


DISCUSSION. 


Mr. Harpine.—I want to present a few slides for your discussion. 
They ‘are somewhat different in detail than the ones you have just seen 
that were prepared by Mr. Turner. This slide (Fig. 1) shows two different 
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FIG. 1—COLUMN FORM DETAILS, 


types of column forms. This one on the left is to be used on small columns 
or columns that are not to be used any number of times. It is held to- 
gether by %-in. ties and 2x4 battens. The templet is made of 2x 4’s; 
an inch or an inch and a half is provided for a filler strip. The type on 
the right is used for larger-sized columns. You will notice on the filler 
panel, that the 2x4 battens extend % or % in. beyond the sheathing. 
The making cost of this panel is slightly higher than if the 2x4 were 


(100 ) 


Discusston. 101 


cut off flush with the sheathing, but stripping is easier and a truer column 
is obtained. Fig. 2 shows a larger column. Tt is.made up with 2x 2 bat- 
tens in one direction on the wide panel and 2x 4’s flat on the other. The 
2x4 battens are offset from the 2x2 battens. The filler panel has the 
2x 4’s extending over % in. on each side. It is held together by a 5€-in. 
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FIG. 2,.—COLUMN FORMS OF LARGER SIZE. 


rod with universal buttons. On particularly wide columns, the rods can 
be put through the middle of the column. The 2x6 clamps are nailed to- 
gether with a %-in. spreader that extends out some 2 in. to provide an 
additional back-up for the rod. We found where the %-in. spreader was 
not used and where the wedge was %4-in. from the edge of the 2 x 6, we got 
a little bending in the 5-in. rod. The 2x6 clamps can be used for prac- 
tically any sized columns, although they are made up for a large column 
and reduced to a small, by inserting another piece of % in between. 
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Fig. 3 shows wall construction. The top view shows typical floor 
panels, which are made up four boards wide, usually of 16-ft. sheeting. 
Wires are used, or, where wires are not permissible, the universal button 
rod is used with double 2x6 arrangement. The pilaster is shown in the 
lower portion framed into the wall construction and over at the left is 
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FIG. 3.—FORMS FOR PILASTERS AND WALLS. 


shown a typical wall section, where forms are used a number of times or 
where floor panels are not available. 

Fig. 4 shows our typical beam and girder construction. Notice that 
it varies considerably from the slides shown before. Columns are set up 
by the ordinary method. The girder bottoms are first put up, then the 
girder sides. The beams are put together as a unit on the floor and hoisted 
into position. The bottom of the girder is held together by a %-in. tie or 
dog clamp, and usually the beam is held by a double headed nail from the 
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beam side into the bottom. On the beam side is a Yg-in. joist bearer. The 
joists are single units. On top of them we start off with a bevel edge 
starting strip which is used also to line up the beams. The panels are 
usually three, four or five boards wide, depending upon the space required. 
Usually a filler strip is provided to take up any swelling that may occur 
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FIG. 4.—BEAM AND GIRDER FORM DETAILS. 


in the panels. The girder side has a %-in. shelf board about % in. x 2 in. 
that the floor panels rest upon. Any variation in length is taken up by 
that shelf board. The pocket in the girders is made 2 in. wider than the 
beam. The beam sides are 2 in. short of the clear span. This is taken up 
with beveled strips that are placed at the end to permit easy removal of 
the beam side. These are wrecked not as a unit, but as individual pieces. 
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Fig. 5 is used for the metal floor dome construction, either permanent 
or removable type. For the permanent type of dome we use either 2x 8 or 
2x6 rib bottoms. The lath, if it is used, is laid on top of these. The shelf 
strip is made usually the width of the concrete flange on the girder. Where 
we use removable tile the rib bottoms are cut exactly the width of the con- 
crete rib and the method of supporting is shown in the upper corner. 
They are carried upon nails, a ten-penny nail driven in the side of the rib 
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FIG. 5.—TILE AND RIB CONSTRUCTION. 


. 


bottom about three per length of tile, and where the lath is to be carried 
immediately under the joist, we drive nails into these bottoms. We usu- 
ally drill a small hole, put the nail in there, let it stick up about half the 
length of the nail, and when the rib bottom is wrecked, the nail is in place. 
The lath is placed up against it, the nail is bent over and the lath held in 
this manner. 
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Fig. 6 shows our flat-slab construction. The columns are of the type 
determined. The templet for the exterior columns is shown in the upper 
left hand corner. The portion of the top of the column is a strip with 
either a stud bolt or a small bolt of some kind, and remains in position 
to carry the templet or outside column form for the succeeding story. 
The exterior columns are put up; the ledger and diagonal bracing installed 
and the shores and stringers erected. The spacing of shores, stringers and 
joist depends on the load to be carried. For the joists we use 2x 6’s put 
together in pairs approximately 24 in. on centers. They are spread by a 
- 2x2 and held together by a twisted wire. These remain intact sometimes 
throughout the length of three or four jobs. Before the floor panels are 
started, the column head is placed. I will call your attention to the 
method of supporting it: We use hangers consisting of a 2x6 bolted to 


FIG. 6.—FLAT-SLAB DETAILS. 


two irons. These irons are 144 x4 in. bent as shown, with bolt holes, fur- 
nishing adjustment by steps of 1 in. A hanger is placed on two sides of 
the column. On these are placed the 4x 6’s, which carry the depressed 
head. These 4x 6’s are carried on wedges. The depressed head is built in 
the mill with 2 x 6 battens, bevel strip in corners, etc. It is made complete 
for the column and sawed into halves when first erected. The procedure 
in wrecking is to knock out the wedges, and this will permit the 4x6 to 
turn out and each half of the column head be removed. The floor panels 
are next started. We usually start with a beveled edge strip that can be 
of varying widths. We use ordinarily a four-board panel, about 20% in. 
wide. Any difference in width is either made up in a five-board panel or 
a filler strip. This filler strip will vary according to the spans and can 
be ordinarily used for the re-shore placed directly against it, permitting 
removal of all the floor panels. The exterior beams are braced by the 
usual method of a T-head shore, shelf board, and lined up with 2 x 2’s. 
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H. W. Roos.—Referring to the cost data furnished I would like to 
know whether adjustable shores or 4x 4’s were used. 


Mr. Harpine.—Adjustable shores were used on four out of five of 
the low-cost jobs. The high price job—Job 19 was a 4x4 job; Job 11 was 
an adjustable shore job, and it was felt that the costs were materially 
lowered by using adjustable shores, in that decking was required at various 
elevations. Job 7 was also an adjustable shore job; the bottom of the 
slab varied as the slope of the floor. Adjustable shores showed a saving 
here. , 


JoHN G. AHLERS.—I wanted to ask Mr. Harding if it was a conclu- 
sion or an inference from this report that the adjustable shores were not 
as satisfactory as the 4x 4’s, and also how he justifies the placing of the 
drophead on top of the floor forms so that they shall be the last thing 
stripped, after the floor panels are stripped, thereby delaying the erection 
of the steel column form? 


Mr. Harvine.—In answer to your first question—the point I tried 
to bring out in the subject of 4x 4’s vs. adjustable shores, was that you 
could not make a broad statement that one is better than the other, but 
that you have to take into consideration all the conditions existing on the 
job. I have made several analyses and can picture a job of, say, eight 
or ten stories, typical throughout, floor height the same, where 4x 4’s 
might show a lower cost than adjustable shores. On the other hand the 
basement is usually lower than the average, the first floor higher than the 
average, the second floor may be at a different height and the balance typi- 
cal story heights. I think an analysis is absolutely necessary before you 
can determine whether 4x 4’s are cheaper than adjustable shores. What 
I tried to give was a few of the units that could be used for analysis. 
You know how many 4x 4’s you have to purchase; add to this the cost of 
squaring the end; the cost of material and labor for splicing and figure 
out the total cost. 

Your second question about the dropheads being wrecked last—I 
thought I made it clear that it was wrecked first. This is made possible 
by the wedges under the 4x6 that is carried by the hangers. The wedges 
are knocked out and this 4x6 support from hanger to hanger can be 
turned over and withdrawn, and the column head wrecked in advance of 
the floor forms. It is erected before the floor panels, but wrecked first. 


J. C. Grapy.—In an adjustable shore, do you not have to lift the load 
to put the lock in place and if so, can it be re-shored? 


Mr. Harpinc.—I am not familiar with all the types of adjustable 
shores on the market. We use two different types, one with an iron pipe 
and one with a 4x4. The 4x4 we do not attempt final adjustment with 
the locking device, we use wedges. With the other shore, it is not neces- 
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sary to throw any more than the load of the form construction to get it to 
catch. 


Mr. GRADY.—Can you use it for reshoring ? 


Mr. Harpine.—I think enough pressure can be brought on the locking 
device to use it for a reshore; if not, it is a very simple matter to use 
wedges underneath it. 


Mr. AHLERS.—Has it been your experience that the tendency has been 
_to increase the use of adjustable shores or to decrease their use? 


Mr. Harpinc.—To increase it. 


C. B. Foster.—I would like to ask if these costs, 9, 10, 13 and 4, 
include all labor, material, erecting and stripping? You said 9¢, 10¢ 
and 13¢. 


Mr. Harpinc.—No, those just include labor on erection cost. What 
I tried to bring out there was a division of five erection items. 


J. IL. Miner.—I have just a suggestion to offer in connection with this 
cost of form construction. It is in reference to the possible use of alumina 
cement in certain forms of construction, relating to the earlier removal of 
forms and the more frequent use of forms. I think this is a suggestion 
worthy of consideration. In France, where alumina cement has been used 
for several years, it is reported that very marked economy has been effected 
on some jobs in the use of alumina cement in form construction. More 
recently in this country an example of what may be done on an apartment 
hotel in New York City, using the Eustis system of floor construction— 
the forms were removed entirely at the end of twenty-four hours. This 
was work done last December during fairly cold weather. It seems to me 
that it offers a suggestion or a possibility of saving certain types of work. 


J. W. ImMmet.—Regarding the 4x 4’s and the adjustable shores, I 
would like to call attention to the fact that in figuring up comparisons, 
if you are doing work in several localities, out of a home warehouse, the 
items of loading freight and unloading are all but excessive on the adjust- 
able shore. That fact must be given considerable weight in any comparison 
with the 4x 4’s. 


Mr. Harpinc.—One of the jobs shown on the screen was what we 
would call an out of town job, where we shipped adjustable shores to the 
site and brought them back again and figured we had made money on 
them. 


O. H. Prirster.—How often do you figure you can use l-in. decking 
over on a job? Have you ever had any experience with 2-in. decking in 
flat-slab form, in particular? 
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Mr. Harpina.—We have used floor panels made of 1x6 D&M—l 
would be afraid to say how many times. I think a great deal depends on 
conditions on the job. Sometimes there are inserts in the floor. At the 
present time we have a job under construction that has inserts every few 
feet. Those floor panels will not last the life of the job, and they are only 
figured for three usings. Ordinarily I would say that these floor panels 
go throughout the average job and will go to another job for use in wall 
work. I do not. know whether they can be reused, as in wall work they 
are usually badly cut up. 


Mr. Priester.—In other words, you do not know just how many times. 


Mr. Harpine.—We have no records to show how long a floor panel 
will last. 


H. S. Wricur.—Providing you have a uniform floor surface, wouldn’t 
you say that the wood shore would be preferable to the tension shore in 
stripping? I suppose you drop your shores about the same as every other 
man does, just pull them down with a hook’from above. The impact of 
that metal shore on the finished surface might have some damaging effect. 


Mr. Harpinc.—The ordinary adjustable shore on the market today 
{I do not think will withstand that abuse. That is one point I probably 
failed to bring out in the question of adjustable shores—that a little more 
care has to be exercised in the handling of them. The ordinary shore is 
made up of 2x 4’s in the upper member, and is usually a high grade of 
lumber and oftentimes will snap if thrown any considerable distance. That 
is one of the features that has to be looked for in the use of adjustable 
shores, in training the men to take a little care of them. In other words, 
they cannot be picked up and thrown down promiscuously like you would 
a 4x4, but I do not know that we have had any floors scarred from the 
wrecking. We have, however, had floors scarred during erection, in that 
you get on it usually before it is very hard. However, by the time you 
wreck your floor it is usually set up enough to withstand the ordinary 
dragging over it. 


Mr. Wrieut.—Don’t you rather tend to raise your stripping cost be- 
cause of the extra care you take? You probably strip with hooks or in 
some such manner as that. 


Mr. Harprne.—It is probably apparent, but not real, and will not be 
brought out in any of the cost figures. 


H. A. CuRistrAn.—Do you oil your forms? 


Mr. Harpine.—We do, except where the concrete is to be plastered. 
The forms are oiled, usually, in the mill, and it depends on the condition 
of the panels as reused whether they are oiled again. Where concrete is 
plastered, we never use oil. 


CONCRETE FROM THE VIEWPOINT OF Mr. CEMENT. 
By THADDEUS MERRIMAN.* 


It is a great privilege, gentlemen, to appear by proxy at the bar of 
the Institute for the purpose of telling you, in the simplest possible lan- 
guage, a little something of myself, and of concrete, of which I am a 
close associate. Until quite recently I have been taken as a matter of 
course. “Cement,” everybody has said, “is cement, and that’s that.” 
Yes, I am cement, and as such I am the heart and soul of concrete. 
Without me, concrete would be impossible. I am one of the most useful 
of our present-day construction materials, and I am literally at the 
very foundation of most engineering and architectural structures. 

I am a well-made material, manufactured under conditions which 
are carefully controlled, and my quality is reasonably uniform. But 1 
am not a definite single compound, and so, in some situations, I can 
produce results which I cannot duplicate in others. I have many troubles 
of my own. Most of them are the result of the over-zealous efforts of my 
many friends. To them I am a universal material, suitable for use 
anywhere, by anybody, and under any condition. In their eyes I typify 
the enduring qualities of the Rock of Ages. They speak of me as though 
I were the embodiment of every cardinal virtue. So it is that I have 
been misrepresented, and so it has come about that I am here to tell my 
own story and to ask that I be given only such credit as is my due. 

I am the product of the rotary kiln and most people think of me 
as being a perfectly uniform and homogeneous material. But I am not 
so happily constituted. Some of me is good and some is indifferent as 
a cementing medium. Fortunately, there is enough of good in my 
makeup to mask and conceal a large part of my weakness. Some of my 
more conservative friends have recently been examining my anatomy 
with a view to determining how it may be possible to sort out and 
separate those parts of me which are best. I hope that they will succeed, 
because if all of the mediocrity in my makeup were eliminated, I could 
make good on the claims of the most zealous of my advocates. But 
enough of my constitution. Let me now tell what happens when I am 
mixed with water, sand and stone to make what is called concrete. 

Just as soon as I am mixed with water I begin to hydrate. That is 
to say, I combine with the water and in so doing form what may be 
called a glue. This is how I am able to bind sand and stone together 
into a solid mass. But I cannot adhere to the surfaces of the sand and 
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of the stone unless I can come into direct contact with them. Sometimes 
also I cannot hold fast to these surfaces for the same reason that I 
cannot adhere to the smooth surface of a glass plate. Among the 
reasons why I cannot always get a firm grip are the following: 


(a) The presence of adhering dust and dirt on the surfaces of the 
ageregate. 

(b) The presence of loose dust and dirt which take up positions 
between me and the aggregate. 


(c) The presence of inert material within my own mass which acts 
like loose dust and dirt. 


(d) The presence of organic matter which adheres to the surfaces 
of the aggregate, or which, by surface tension, is drawn to these 
surfaces before I can reach them. 


(e) The presence of a coating on the aggregate to which I can 
adhere but which itself has no bond with the aggregate, and, 
finally, 


(f) The character of the surfaces of the aggregate. Some kinds of 
surfaces welcome, while others repel me. 


It is usually said that by thorough mixing, these difficulties can be 
overcome because I am then to be seen as coating every particle of aggre- 
gate. I wish it were so, but, unfortunately, no amount of mixing will 
bring me closer to the surfaces which it is my duty to bind together. 
The eye is not a trustworthy judge. The only possible remedy for these 
conditions is to see that there is no dust and dirt present and that the 
aggregate is CLEAN. And by clean I mean that the surfaces of the 
aggregate should be not only clean to the eye, but so clean that I can 
make direct contact with them. 

I have watched with much interest all of the vast effort which has 
been expended in the continuing attempts to secure stronger concrete by 
varying the sizes of the aggregate and by standardizing every operation 
except the most important one of all, which is that of giving me clean 
surfaces on which to work. Even standard Ottawa sand is far from 
having a standard’ surface, and so it is that sometimes I give much higher 
strengths than I do at others. Try me out with aggregates from the 
surfaces of which all dirt and acid soluble materials have been removed 
and you will be surprised at the results. Then clean the surfaces of the 
aggregates with an alkali solution and you will understand why it is 
that my shoulders are not strong enough always to bear the burden. 

Even after I have succeeded in getting very close to the surfaces of 
the aggregate, I am confronted with another distressing condition, namely, 
that I cannot set or harden as long as the sulphuric anhydride concentra- 
tion is above a certain point. This concentration grows steadily less as 
my setting time approaches, because the sulphur in solution is being 
precipitated out in such a form that some of it interposes itself between 
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me and the aggregate, and so the strength of my grip is lessened. Then, 
later on, as the concrete dries out the calcium hydrate and the alkalis 
crystallize and try to break my hold. My task, you will observe, is not 
an easy one. 

Very, very often I find myself in the presence of so much water that 
I am, to all intents and purposes, simply drowned out. A reasonable 
amount of water is good, but enough is enough. In years gone by, when 
I was a hardy pioneer in this great land, I was not ground so finely, and, 
while my chemical constitution was less dependable, I could drink more 
water than I can now. As I have been improved, my ability to perform 
in the presence of water has been reduced. 

I have already told you that I cannot set or harden in certain sulphurie 
anhydride concentrations. Now, if you will bear in mind the fact that I 
am a mechanical mixture of ground clinker and gypsum, you will have no 
trouble in visualizing what happens when I come into the presence of 
water. At first contact a considerable part of my finer particles instantly 
hydrate and set as individuals because the sulphur concentration requires 
time for its establishment. So it is that the finer I am ground the more 
of my cementing value is lost and the more sulphur is needed to control the 
speed of my reactions. It is true that while in the laboratory I show a 
somewhat greater strength the more finely I am pulverized, yet out on the 
job, which, after all, is my final resting-place, I could give a better 
account of myself if I were of a coarser grain. One of the worst things 
that happens to me is the agitation I get with the sand and the stone, not 
only in the mixers, but during the many motions I must endure until I 
realize the quiet of my final position. During all of these disturbances 
those parts of me which have hydrated or set as individual particles are 
rubbed off and displaced. They are no longer of cementing value and 
simply act to keep me away from contact with the surfaces of the aggre- 
gate. Laitance is the name by which those prematurely set and displaced 
particles are commonly called. That concrete which shows the least laitance 
is usually the most durable. All laitance does not float to the surface 
and the mass of many a concrete is honeycombed with it. 

The simple fact of the matter is, that the more finely I am ground, 
the quicker will all of the cementing value within my mass be developed, 
and the greater will be my strength at twenty-eight days. My permanence 
and my ultimate durability, however, will be reduced because so large a 
part of my mass is converted into useless and inert laitance. Now, under 
certain alkali concentrations this laitance swells greatly and operates to 
increase my bulk and so to reduce my density. In consequence, the con- 
crete of which I am a component absorbs large quantities of water during 
every rain, and the water so absorbed dissolves out the swollen laitance 
which is highly soluble. As time goes on and I am wet by more rain, 
I become more and more honeycombed, and, finally, I am myself dissolved 
away because I, too, am soluble. 

The point I would like to bring most strongly to your attention is that 
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those concretes which show the highest early strengths are, not in general, 
those of greatest ultimate permanence and durability. No one ever yet 
succeeded in lifting himself very far by the use of his bootstraps alone. 
In my makeup I have just so much and no more of cementing value. By 
grinding me finely you can get more of this total cementing value devel- 
oped at an early stage, but my later strength and my durability will both 
be lessened. JI am no exception to the rule that the same cake can be eaten 
but once. 

I could tell you much more of my inherent peculiarities, but my 
limited time will permit me to refer only to one other point, namely, that 
of the strength of the concrete of which I am an integral part. Without 
me, this same concrete, no matter how its ingredients might be propor- 
tioned, would have no strength at all, it simply would not be concrete. 
No concrete has as much strength as I have myself, because I cannot 
take hold of the aggregates as strongly as-I can adhere to myself. Hence, 
as time goes on, and as my hydration becomes more and more complete, 
I grow stronger but little. So it is that all of your compressive tests seem 
to show the concrete as growing stronger day by day, while if tested in 
tension, that same concrete would show almost no increase after twenty- 
eight days. 

Inasmuch as I am the basis of all concrete, and am responsible for 
its behavior, I hope that the compressive test will be abandoned and that 
a real test will be substituted for it. Never in all of my experience have 
I seen a concrete in real life fail under compression. Failure always 
manifests itself in tension cracks. The science of concrete can advance but 
little if the sole criterion of its quality is to be expressed as a compressive 
strength at twenty-eight days. There is no known relation between dura- 
bility and compressive strength. No matter how strong a concrete may 
be in compression, its tensile resistance is far too smali to meet success- 
fully the stresses it must bear. And this is amply evidenced by its crack- 
ing everywhere. Better concrete will come when you learn how to develop 
all of my strength and my adhesive qualities. The compressive test will 
never show the way; nor will any investigation which is based only on 
mechanical and visual examination. If you wish to learn more of my 
secrets, it will be necessary to adopt that type of abstract reasoning and 
deduction which has given us the spectroscope, the election relay and the 
autogenous vaccine and has made possible far-reaching advances in nearly 
every branch of science. 

Up to this time you have studied me only with your eyes and with 
your hands, but not until your hearts and minds are summoned to the 
task will you come to know me as I am. 


Notes on Construction oF CoNCRETE STADIUM. 
By W. K. Harv.* 


This paper describes the concreting of the Ross-Ade Stadium at Pur- 
due University which is named after David E. Ross, of the class of 1893, 
now trustee of Purdue University, and George Ade, of the class of 1887. 
The Osborn Engineering Co. of Cleveland, Ohio, designed the stadium and 
was represented by an inspector. An engineering committee of the univer- 
sity advised the authorities. The contractor was A. E. Kemmer, member 
of the American Concrete Institute, a graduate of Purdue University in 
the class of 1902. 

The stadium is U-shaped with the half circle and a portion of the 
straight sides constructed on an excavated clay bank, covered with 6 in. 
of cinders. The last 100-ft. lengths of the open ends of each of the two 
wings are supported on columns and girders offering space underneath 
for the dressing rooms. The stadium fits a natural basin and is so located 
as to balance the cut and fill. 

The stadium will eventually seat 23,200 persons. At present the 
straight sides are complete with seats for 13,400 persons. The half circle 
end is excavated and terraced with cinders to afford standing room. 

The excavation was begun on June 2, 1924. The field was sodded, the 
concrete complete ready for the most important game of the season on 
Nov. 22, 1924. The approximate quantities were 50,000 cu. yd. of excava- 
tion and 3,000 cu. yd. of concrete. 

There had been an unfortunate failure of a nearby stadium. Two 
other cases of damaged stadiums were in evidence. The situation was 
such that the university authorities were apprehensive. Those concerned 
in the construction desired that everyone connected with the job—con- 
tractor, foreman, workmen—would realize the necessity for carefully 
manufacturing the concrete. It appeared useful to exhibit to the foreman 
photographs of these failed structures, and to make field tests of the con- 
crete from time to time and communicate the results. The compressive 
strength of the cylinders were exhibited as fast as they became available, 
contrasting the strength of wetter and drier mixes and showing the 
benefits of proper curing. 

The materials were portland cement, washed torpedo sand (F.M. 3.2) 
and pebbles from % in. to 1 in. (F.M. 6.8) in the proportion 1:2: 3. 
The standard cement mortar tests (1:3) averaged 229 lb. per sq. in. at 
7 days and 321 at 28 days in tension, and in compression, 2 x 4 cylinders, 
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2,067 lb. per sq. in. at 7 days and 3,416 at 28 days. The moisture in the 
sand as tested was 4.2 per cent and in the gravel 2.6 per cent. 

The mixer was of % yd. capacity without time-lock or automatic 
water control. The operator had had eighteen years of experience in mix- 
ing concrete. 

Cylinders were made at intervals from July 22, 1924, to Oct. 16, 1924, 
to the number of 114. Some were exposed on the job and some cured in 
damp sand. 

Fig. 1 shows the running conditions throughout the period of con- 
struction. The operator of the mixer used his judgment in pouring the 
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FIG. 1.—RUNNING CONDITIONS THROUGHOUY MIXING PERIOD. 


water. When the concrete did not work well during placement, word 
would come back to him to change the water. The samples of concrete 
taken during any one day were formed into twelve cylinders. For each 
cylinder a slump record was obtained. 

In Fig. 1 the slump value represents an average of twelve determina- 
tions; the daily range is indicated. ‘The values of strength represent an 
average of three cylinders. It will be noted that as the wetness of the 
concrete was reduced the strength values increased, and that the curing 
in damp sand added very substantially to the strength of the 28-day 
cylinders. This showing of the benefits of curing brought about a favor- 
able attitude on the part of the foreman, so that the deck was subjected 
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to running water as early as possible. By the careful curing and protec- 
tion of the surface by canvas, subsequent effects of contraction in the deck 
are believed to be largely eliminated. 

In Table I it will be seen that the average slump was reduced from 
6% in. on July 24 to 3 in. on Aug. 20. It is considered that the effects 
of this dry concrete are not only shown in increased strength but in- 
creased durability and diminished danger of cracking. Of course such 
drier concrete needs careful slicing in thin deck risers and treads. Some 
patching must be expected. My impression is that in portions of the work 
a slump of 3 in. meant an unreasonable dryness of concrete. 

As the work proceeded the concrete became wetter due to the neces- 
sity of rushing the work, and possibly the conviction that the exhibited 
results of strength tests indicated an unnecessarily strong concrete. At 


TABLE 1. 
Strength 
Date Slump, Exposed Damp Sand 
in. 
7 days 28 days 7 days 28 days 
Vitivaadeal Ona rec anean Nines Gee ese ert 64% 1600 2400 1650 3200 
AN B92 OO D4 ri ehclecirn enna aaa et WEL « 3 2200 2800. 2250 3500 


Sepia D ZNO O4 es epee eee | Aaceiie noice atsitnte sa 8 | 1500 2250 1550 3000 


any rate, the slump ran up to 8 in., daily average, on Sept. 22, with the 
decreased strength of the concrete shown in the table. 

Fig. 2 shows the customary variability diagram of the strength of the 
concrete and a comparison with Jobs A and B reported by Messrs. Stanton 
and Walker in the Proceedings of the American Concrete Institute for the 
year 1924. These Jobs A and B were 1 : 2: 4 concrete, 28-day cylinders. 
There was much closer supervision and better-controlled apparatus on these 
Jobs A and B. A comparison of the slump on this Purdue job with Jobs 
A and B cited is shown in Fig. 3. 

Fig. 4 shows the relation between slump and strength. Each point is 
the record of one cylinder and its corresponding slump. 

It will be noted from this figure that 1: 2:3 concrete at 614-in. 
slump average yielded 3,250 Ib. per sq. in. in damp sand at 28 days. 
Abrams’ tables for ] : 1.8 : 2.9 concrete with from 6 to 7-in. slump, 0-4 
fine aggregate and 4-1 coarse aggregate indicate a strength of 2.000 Ib. 
per sq. in. Possibly the strength of the cement explains this difference. 

Eapansion and Contraction.—This construction offered an opportunity 
for measurements of expansion and contraction. One hundred and six 
gage points were set in parapet walls and different portions of the deck, 
both on the excavated bank and in the open section. Thermometer wells 
were inserted at various depths in the concrete. Observations of change 
of length and temperature have been made from time to time, and will be 
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continued with the hope that representative values of thermal coeflicient 
of expansion for the several exposures and of the amount of contraction 
due to shrinkage and of expansion due to absorption of moisture will be 
obtained. 

Parallel measurements are made of length changes under laboratory 
conditions. The complete record of the laboratory investigation is found 


FI 


FIG. 2.—VARIATION IN STRENGTH OF CONCRETE. 


in a paper by the writer entitled “The Effect of Moisture on Concrete,” 
presented at the annual meeting of the American Society of Civil Engineers 
January, 1925. . 
Some of the measurements on the stadium may be recorded here. 
The complete laboratory investigation just cited indicated that the 
thermal coefficient of expansion depends on the amount of moisture in the 
concrete, and also on the temperature of the concrete. An average value 
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for 1: 2: 3 concrete may be taken as 0.000005, (See Fig. 5.) Fig. 6 shows 
the behavior of beams of the stadium concrete exposed outdoors. Fig. 7 
shows the contraction of several brands of cement compared to D, the 
cement used. Figs. 8 and 9 show length changes of concrete beams. 

The shrinkage of concrete depends, among other things, upon the 
richness. A 1:2:3 mix may be expected to shrink eventually to the 


FIG. 3.—VARIATION IN SLUMP OF CONCRETE. 


amount of 0.05 per cent as a result of measurements begun two days sub- 
sequent to the pouring of the concrete. During these first two days the 
greater part of the shrinkage may he expected unless the eonerete is 
carefully cured. If the concrete is not protected from early drying, then 
this value of 0.05 per cent will be exceeded. 
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FIG. 4.—RELATION BETWEEN SLUMP AND STRENGTH. 
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FIG. 5.—THERMAL COEFFICIENT OF EXPANSION AT DIFFERENT TEMPERATURES. 
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CONTRACTION AND EXPANSION OF NEAT CEMENTS. 


FIG 7. 
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FIGS. 8 AND 9.—CHANGE IN BEAM LENGTHS WITH CHANGE IN MOISTURE 
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Absorption of water may increase the length of dry concrete in the 
amount of 0.01 per cent. Under ordinary conditions of exposure this in- 
crease in length may be taken as 0.005 per cent. Measurements of the 
behavior of the stadium to date show that under a drop of air temperature 
of 38 deg. F. the concrete in the open-air deck section of the stadium 
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FIG. 10.—PARAPET WALL SUBJECT OF OBSERVATIONS. 


dropped 37 deg., the concrete on the bank 24 deg. The thermal coefficient 
of the open deck was 0.0000059 and of the revetment 0.0000049. ‘The dif- 
ference is probably due to the varying dryness or wetness of the concrete. 
A rainfall followed by a drop of 10 deg. F. balanced each other, and no 
change of length was recorded in the deck corresponding to a thermal 
coefficient of 0.000005 and a swelling of 0.005 per cent. 

Interesting observations were made on a parapet wall shown in Fig. 10. 
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This parapet wall was 6 in. thick and approximately 314 ft. high and 6 in. 
thick reinforced at the center of its depth with 0.3 per cent of steel each 
way. This thin wall was integral with a heavy base. Naturally the thin 
wall with its shrinkage and exposure to sudden drop of temperature and 
held at the base was under considerable tensile stress. The steel reinfore- 
ing apparently was not enough to prevent a fine crack in the middle of this 
parapet wall, that is, half way between the aisles which were on 45 ft. 
centers, The thermal coefficient of contraction of the top of this wall 
was 0.00000725 per deg. F. following a drop of air temperature of 38 deg., 
which appeared at a drop of 28 deg. in the concrete of the wall. This 
same coefficient at the junction of the parapet wall with the base was 
0.00000305. The parapet wall was poured mostly in hot summer weather, 
and the crack appeared after the cool nights set in. These cracks, however, 
closed up entirely during the winter weather, no doubt because of absorp- 
tion of moisture. : 8 

The maximum drop in air temperature from early fall to January 
was 52 deg. in the concrete. There was a difference of as much as 10 deg. 
in temperature between the sunny side of the parapet wall and the shady 
side. The opening of this crack in the middle of the length of the parapet 
wall was 0.000471 in. per degree drop in temperature. — 

The expansion joints in this structure were made by placing a 34-in. 
expansion joint material against the end of the finished section and pour- 
ing the new concrete up against this expansion board. The latter appears 
to be too thick and stiff to hold itself in line. These expansion joints are 
now all open. Where they run parallel with the axis of the seats, water 
penetrates through the deck to the clay bank and to the team rooms, so 
that these very narrow openings between joint material and the face of 
the concrete will require filling with some undetermined material. It is a 
question if it would not have been better in a job of this kind to form 
construction joints, permitted to be open a slight amount and to be 
afterwards filled with an elastic filler. 

Conclusion—As a result of the experience of an average job of this 
kind, much can be gained by demonstrating to the foreman the results of 
tests of the concrete. When foremen come to an actual belief in the effect 
of variations in their practices, they are much more likely to co-operate 
with the engineer in securing good concrete. 

The variation in quality of concrete on this job is so much greater 
than variation in the constituent materials that evidently increased uni- 
formity is to be sought in the actual mixing and placing of the concrete. 

On a job of this kind in this vicinity we have very little doubt about 
the uniformity and quality of the material. Attention must be paid to 
the manufacture and placing of the concrete and subsequent curing. Slump 
tests made under the eye of the mixer, the results of compression tests 
communicated as fast as they accumulate to the foreman and an early pro- 
tection of the concrete will certainly largely diminish any hazard there 
may be under local conditions in pouring a large outdoor structure like 
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a stadium. These structures require more care in selection of materials 
and in manufacture than concrete not exposed to atmospheric influences. 

It is gratifying to notice the extension of technical control of materials 
and manufacture to structures erected by large organizations that in- 
clude engineering talent. There is, however, a large task to be performed 
to translate the wealth of scientific information to the average job of 
concreting. Much of this information must be simplified, freed of for- 
bidding calculations that seem intricate, and attention concentrated on a 
few simple tests for dangerous ageregates, and the essentials of concreting. 
These should also be performed with a purpose of educating the concreting 
gang. 
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DISCUSSION. 


W. A. SLAtreR.—I understand from Prof. Hatt that the coarse aggre- 
gate used was No. 4 to 1 in.; is that right. 

Pror. Hart.—The fine aggregate was No. 4 sand. 

Pror, SLATER.—What was the maximum size of the coarse aggregate? 

Pror, Harr.—One inch. 

Pror. SLATER.—What was the size of the beam that it had to go into? 

Pror, Harr.—tThe treads, as I recollect, were 5 in. thick. 

Pror. SLATER.—I asked the question because I know that in the Thli- 
nois stadium we also had some difficulty with some honey-combing on the 
sides of the beams. We had generally a width of four, and in some cases, 
five inches for the beams and had a coarse aggregate of limestone with a 
maximum size of about three quarters of an inch, (specified to be five- 
eighths, but there was a good bit of it that ran over), and I have thought 
that for that kind of work that is rather too coarse an aggregate. 

Durr A. AprAMS.—Prof. Hatt spoke of the non-uniformity of the con- 
crete on this job. It seems to me that his tests point to the fact that it 
is extremely difficult to get representative samples of concrete for testing. 
I do not believe these tests necessarily mean that concrete is not uniform, 
put in taking a sample for test from a batch, you are likely to get some- 
thing different from the average concrete in the batch. We find that many 
mixers do not discharge the concrete uniformly and that, of course, in- 
creases the difficulty of getting uniform samples. 

Pror. W. K. Harr.—I think what Prof. Abrams says is true, that the 
variation in masses of concrete cannot be as great as the variation in small 
samples indicates, but finally, our judgment must be on the technique of 
making these tests. The point I want to make is this, that our materials 
do not vary greatly,-our cement tests run very uniform throughout the 
seasons and our washed sand and aggregate are uniform also. If you do 
not find variations in quality, I think the room for improvement must be 
in the manufacture of the concrete; there is where we should concentrate 
our attention. ; 

J. L. Miner.—Just to add a word to what Professor Hatt has said 
of the effect of variables on the results obtained. During the measurement 
of the change in volume of “lumnite” cement concrete, that is the change 
in length of concrete specimens, it was noted that the drier mixtures de- 
veloped a greater increase in length during the early period of hydration 
with a smaller shrinkage at subsequent periods. With more mixing water 
there was a less increase in length with a greater shrinkage. These ob- 
servations confirm what Professor Hatt has stated regarding the effect of 
the amount of mixing water on the change in volume during hydration 
of portland cement concrete. 
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THADDEUS MERRIMAN.—Prof. Hatt referred to one very interesting 
and very important matter, which is that of keeping concrete wet during 
the early hours of its life. The first ten or twelve hours are usually the 
most critical. The practice now followed on our work is to begin the 
application of water just as soon as possible, after the concrete has been 
«placed, and keep the concrete continuously wet for twenty-four hours there- 
after. The essential result sought is that of stopping volume changes and 
giving the mass the opportunity of taking its final form and attaining such 
strength that it can hold itself together when the shrinkage stresses come 
upon it thereafter. In former days when cement was not ground as finely 
as it is now, concrete could be placed and allowed to remain over night 
and forget it and come back next morning and it would be all right. Since 
finer cement has come, however, unless the greatest care is exercised dur- 
ing the. first night, irreparable damage will often be done. 


Mr. Merriman. 


CRAZING ON CEMENT PRopUCTS.* 
By P. H. BaTtEs: 


The title is purposely chosen because the three common products using 
cement as a bond all show crazing. This difficulty is not restricted either 
to neat cement or mortar or concrete. So far as cement products are 
concerned we are all familiar with the manifestation of crazing. Some 
believe they know the cause of this and a still smaller number believe 
they know how to prevent it. (Parenthetically, they are eligible for 
membership on this committee provided they will demonstrate facts and 
not present theories.) Consequently this paper will not discuss crazing 
objectively but metaphorically only subjectively. Furthermore, it should 
be borne in mind that while [ am occupying the time allotted to Com- 
mittee T-1 this discussion is the product of my own thoughts, and the 
members of the committee should in no wise be adversely criticized for 
any of the statements contained herein. Any other criticisms will of 
course be highly acceptable and appreciated by them. 

Crazing is not new. It undoubtedly developed in the first product 
made by the original consumer of Joseph Aspdin’s personally made port- 
land cement, assuming that he not only first patented it but also first 
made portland cement. But crazing is much older than this. Our hypo- 
thetical first parents, if they were as observant of other natural phe- 
nomena as they were of the fruition of apples, undoubtedly noted it in 
the first dried up mud puddle they came across, As we are all convinced 
that the mud puddle preceded man on this sphere, so we must acknowledge 
that crazing is older than humanity. When man decided to improve upon 
the habitation furnished him by nature and build himself mud houses he 
found this occurrence of nature following from the puddle to the mud 
houses. When he started making utensils or writing materials of dried 
or partially burned mud he again found crazing an inherent difficulty. 
But when he tried protecting surfaces of burned clay products with glazes, 
or surfaces of wood or steel, etc., with paints or enamels he found crazing 
so persistent that he practically assumed it was inevitable and accepted 
it without any question or further thought. This attitude maintained for 
centuries and even today certain makes of pottery are in demand because 
they do craze. : 

It might be well to consider the ceramic industry and its problem 
of crazing as typical of an industry which was unquestionably the first 
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to encounter it and which has studied it and is still studying it so in- 
tensely that it is in a fair way towards solving its difficulties. Glazes 
were placed upon soft open porous ware not only to enhance it but to 
reduce its absorption and abrasion. The glazes in contrast to the ware 
were hard and not absorptive. In other words they were distinctly dif- 
ferent and it was early recognized that this difference was the cause of 
the difficulty. As a consequence the plant expression for the cause of 
crazing of ceramic ware originated, and is indeed expressive—“fit” or 
“lack of fit”’—the former indicates lack of crazing and the latter crazing. 
The industry recognized that if the coefficient of expansion of the un- 
glazed ware and the glaze, and the modulus of elasticity of the two are 
too widely different then the glaze does not fit the ware and crazing 
must result. The same condition exists in the industries engaged in 
making cement products. If the surface does not fit the interior or body 
of the product crazing will result. The cause will again be the same, 
namely, differences in the coefficients of expansion with temperature 
changes, differences in the moduli of elasticity, and a third condition which 
does not exist in the pottery industry, a different coefficient of expansion 
due to absorption of water. We are purposely leaving out of this paper 
any discussion of strength. It.is important and necessary in the question 
of crazing, but the strength consideration of cement products has been 
discussed so much to the total exclusion of all other considerations that 
to concentrate attention on the latter we will exclude strength in this 
discussion completely. 

The simple statement of these considerations, however, does not assist 
much in solving the problem. Take for example the modulus of elasticity. 
We have become so accustomed to using the value of 3,000,000 for this 
coefficient that it is now almost axiomatic. But read what Walker has 
found and published: in Bulletin No. 5 of the Structural Materials Research 
Laboratory, and note that the value is a function of the size of the aggre- 
gate as well as its grading, the consistency of the mix, the amount of the 
cement, and the age of the concrete, to which must be added the char- 
acter of the cement and the character of the atmosphere in which aged, 
as to humidity, temperature, etc. ‘The two other coefficients mentioned 
are affected in the same way. Hence, must not a study of the cause and 
prevention of crazing embrace a study of these three coefficients, and 
how the cement, the aggregate, the mixing water, the air, and the personal 
equation affect these? 

Assuming that these premises are correct let us consider in more 
detail what we are “up against.” First let us discuss the cement. I 
have already told the members of the committee that with myself as 
chairman it will always have in mind and carry out all tests with cements 
and not a cement. If it wishes to restrict itself to a cement or to an 
assumed average cement obtained by mixing representative brands it 
must operate under another chairman. Here we must assume that practi- 
cally all portland cements are different, and mixing gives only an average 
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of that mixture. The average prepared tomorrow by mixing samples of 
the same brands will quite likely give different results. But what data 
do we have of the character outlined above as requisite? The answer is 
none. We must have values for these three coefficients of a variety of 
different cements, aged under different conditions, and with ranges of con- 
sistencies deviated very much from the so-called normal consistency. It 
must be borne in mind that on the trowelled surface of a floor or the 
skin coat on concrete we have very largely neat cement, and here crazing 
is invariably manifest. But this is enough for cement, for more could 
be written about what we do not know of this commodity than of what 
we know. 

Next we have the aggregate to consider. Here there is more informa- 
tion available but far more needed. For instance what do we know about 
the coefficient of expansion of any concrete in a saturated atmosphere, in 
a 50 per cent saturated atmosphere, and in a very dry one? ‘There are 
several well-accepted coefficients, but on examining the original articles 
in which these values appear we do not find any data which will enable 
us to reproduce these concretes, other than the simple ratios of cement 
to sand to large aggregate. These data were obtained by those who did 
not appreciate the importance of size or erading or volume of aggregates, 
or the differences between the various kinds of crushed stone, gravel, slag, 
ete. Apparently any 1: 2:4 concrete was representative of all 1: 2:4 
coneretes, so long as the cement was purchased as portland cement, the 
fine aggregate as sand, and the large aggregate anything graded between 
1% in. and 3 in. regardless of whether it was uniformly graded or all one 
size—and no notice made of these facts. It has been shown and it is 
now an accepted fact that the quartz gravel is a poor aggregate to use 
as a fire resistant agent, due to the sudden increase in volume of quartz 
at a fairly moderate heat, as it changes from one form to another. Pos- 
sibly other forms of aggregate have just as undesirable coefficients at 
atmospheric temperatures, even though there is no conversion from one 
form to another, but our information is lacking. 

Water, the third item needing study, is one that has been so properly 
and effectively emphasized for the past ten or fifteen years that its true 
relation to concreting values, as regards strength and certain kinds of 
durability, is now recognized. We also have data showing how different 
amounts of mixing water affect the elasticity. We also in general believe 
that excess mixing water results in excess shrinkage or drying. But 
with these, our knowledge and our beliefs on the effect of too much or too 
little water largely cease. It is our pleasure generally to look to the other 
side of the street in deference tc our enthusiasm in concrete as we pass, 
as pass we must on our way from the bureau to the business center of 
Washington, a very long series oi exterior steps leading up to an imposing 
mansion, The owner of the latter is a builder and contractor and is the 
author of his own steps. If he would have purposely tried to demon- 
strate how excessively exterior stairs may craze he could not have suc- 
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ceeded more eminently. He has never inflicted a more unsightly job upon 
a customer than he has upon himself. We have often wondered if they 
were not made in the typical manner, that is, a very dry base rammed 
against wooden risers, and then finished with a rich mortar. Most of 
the hydration of the base has taken place by means of rain water pene- 
trating the rich mortar, with the result of the marked expansion of the 
base and crazing. Incidentally, one of our committee members believes 
that crazing is due to expansion and not contraction, and we believe that 
he is right, as are also those who believe it is caused by contraction. But 
evidently both are not right at the same time. In any case do we know 
that water will not cause contraction as well as expansion, depending upon 
whether the optimum amount bas not been reached or exceeded? We may 
feel unduly optimistic, but we feel sure that if the committee ever does 
real work and produces a worth-while report it will have made a valuable 
contribution to the question of volume changes in concrete, although it is 
specifically dealing only with linear changes on its exterior. Water,— 
both that used in mixing and that absorbed or given off in later life, is 
the big factor after the cement, in volume changes and in crazing. 


The atmosphere is the next item that must be taken into account 
in any discussion of crazing. This has been recognized for a long period 
and is evidenced partly by the covering of concrete roads with various 
materials to prevent the rapid evaporation of the mixing water. But 
noting this the critical observer must ask why we do not logically treat 
concrete sidewalks in the same way. Some may say that the road does 
not craze but the sidewalk does. The answer to this argument is that the 
road does not show the crazing as prominently as the sidewalk, but it is 
not yet definitely proven that the saturated atmosphere is the ideal one 
for hardening of all concrete. If all the water used in making concrete 
and needed in mixing it were combined and so fixed in it as a result of 
the hardening phenomena that it would never be lost, I am thoroughly 
convinced that the concrete would be valueless, for it would be a soft 
product, in no way giving the service required of it. It would mean in 
general that the cement in concrete would have combined with it a weight 
of water from 50 to 100 per cent of its own weight. We do know that 
hydrated cement containing that amount of combined water has no bond- 
ing value. Consequently, since a very considerable part of the mixing 
water must be removed, when shall it be removed? Shall the concrete 
be kept saturated for a month and then allowed to dry as rapidly or as 
slowly as the atmospheric conditions permit? The answer is, candidly, 
‘not known. The proper atmosphere for the proper hardening of concrete 
is yet to be determined. 

There is reserved for the final citation that large group of variables 
which are constant only in that they are constantly before us. One of 
the outstanding items in this group is the so-called personal equation, 
evidenced by that peculiar propensity of human nature to do a thing in 
one way and more or less believe and report that it has been done in 
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another. As an extreme instance we have the giving of data showing 10 
or 12 per cent water used, whereas 17 to 20 per cent went into the job, 
or making a 1: 114: 3 concrete according to specifications and a 1:2: 4 
according to bills rendered by the sand and gravel dealers. Then we have 
the more common cases of the lack of proper knowledge of materials intro- 
ducing variables, such as a lack of taking into account the variable mois- 
ture in the aggregates, the lack of uniformity of grading, the lack of 
uniformity of mixing, etc. We also have a variation in the character of 
the sub-grade, the form, the molds or the backing, all of which introduce 
factors concerning which we know so little. Such a group of extremely 
difficult items to control does not tend to uniformity in production, but 
at the same time it furnishes conditions which must be studied in part 
at least in order to have available more readily enforced precautions as 
would tend to reduce the difficulties which are the subject of the work 
of this committee. : 

It might be inferred from portions of this discussion that the way 
to avoid crazing would be the doing away with any surfacing on concrete, 
and consequently no investigation would be needed. This is true in part, 
and could we always have the surface on the cement product identical 
with the rest of the piece we undoubtedly would not have crazing. Never- 
theless, volume changes might produce a cracking which, however, would 
be distinct from crazing. But there are so many cases where a surface 
is intentionally or unintentionally produced that due consideration must 
be given to its cause and prevention. 

This paper is presented especially to bring to the Institute the 
thought that crazing is no simple problem, to be solved by a field examina- 
tion followed by a more or less perfunctory laboratory research, and cli- 
maxed by a voluminous, well-illustrated report, unanimously signed by 
the committee members. On the other hand it is a problem which will 
cost the active services of several trained investigators over a period of 
years, and in which a committee can act only in an advisory capacity, 
as a collator of data, and in giving a breadth of view to the discussion and 
the problems of the latter. The committee itself cannot solve the prob- 
lems involved. No committee can. The problems are not of that type. 
The committee needs that kind of co-operation which is so difficult to 
obtain—financial—either direct contributions of funds or the services of 
investigators placed at its disposal. It will have a first meeting during 
this convention and formulate methods, procedure, and possibly a pro- 
gram. How successful it will be in obtaining this co-operation will be 
the subject of the first report cf this committee. 


DISCUSSION. 


THADDEUS MERRIMAN.—Last summer we carried on some investiga- 
tions of this kind. It was our belief that crazing might to some extent be 
due to the solubles in the cement. The thought was that if washing was 
good for the sand and gravel it might also be a good thing for the cement. 
This was done by putting about six inches of cement in the bottom of a 
pail, filling it with water and after a vigorous stirring allowing the mix- 
ture to settle. Then the water and all of the fine laitance and loose soft 
material which settled on top of the heavier cement was siphoned off. 
The remaining cement was then mixed two to one, with sand of average 
quality and spread out in a circular slab eighteen inches in diameter and 
1 in. thick. The slab was then allowed to remain in the hot sun and not 
thereafter moistened. No single crack of any kind developed in mortar 
so treated. An analysis of the salts that came off with the water in the 
washing process indicated 36 per cent of lime, 29 per cent of SO, and 16 
per cent of the alkalis with 19 per cent of CO, and water of hydration. 

About four years ago we had much trouble with crazing, which oc- 
curred during the first few hours after the placing of concrete in the 
Gilboa dam. These crazings the morning after placing were anywhere 
from 30 to 60 in. long and from an eighth to five thirty-seconds of an 
inch wide and extended from four to six inches down into the mass. It 
was a most distressing condition, and we did not know just where the 
remedy lay, but it was finally discovered by beginning to wet the surface 
about two hours after placing, and by thereafter keeping it continually 
wet that all cracking and crazing was prevented. The wetting of the 
surface operated to stop the movement of the fluids within the mass up- 
ward to the surface where, by evaporation, they passed off, leaving behind 
the solubles which they had contained. The alkali concentration in the 
upper layers finally became so great that the set of the cement in those 
layers was very materially accelerated. As a result of this acceleration 
as well as on account of the deposit of the solubles in the outer layers, a 
large part of what we call crazing occurs. There is much crazing that is 
not visible to the eye for some time after placing. Later on, however, 
when moisture penetrates and temperature changes do their work, these 
originally incipient cracks increase in size and become visible. The lesson 
we learned from the magnified cracking was, after all, a good one, because 
it served to sharpen our wits as well as to indicate some, at least, of the 
‘eauses which bring about crazing, both big and little. 


J. W. LowreLu.—Did you carry on any parallel tests to determine the 
effect of washing the cement? Did you carry on any tests where you left 


the pats you made to be cured in moisture or cured wet rather than just- 


drying out, to determine whether or not any cracks developed in pats that 
were cured in moisture? 


Mr. MeRRIMAN.—The pats cured in moisture? 
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Mr. LowetLt.—I mean the washed cement? 


Mr. Mrrriman.—No, there was none made because there seemed to be 
no necessity for making them. The slabs of washed cement did not crack. 
They lay in the hot sun, and dried out immediately. The mortar was the 
hardest and densest I have ever seen. ‘The slab rang like a bell. Of 
course it is possible to wash cement so much that it will never set. Some 
cements can be washed more than others and some cements show a mate- 
rial increase in strength under this treatment. For instance, it is possible 
with a washed cement mixed when moulded with 62 per cent of water to 
get at the end of eight days as much tensile strength as with 25 per cent 
of water and unwashed cement. 

The most important characteristic of any mortar or concrete is its 
tensile strength. Concrete always fails in tension. Not until we learn to 
build up its tensile resistance will the cause of concrete be materially 
advanced. cs 


Cc. A. P. TurnerR.—In the manufacture of artificial stone, we had an 
extended experience with crazing. We found in sand mold work that craz- 
ing depended in a large measure on the aggregate used. When we quit 
using Minneapolis blue limestone and used only crushed granite and 
washed sand, our troubles were practically ended. The idea that if a dry 
concrete is used trouble with cracking, crazing and disintegration is elimi- 
nated will not bear investigation. About twenty-five years ago the average 
specification for portland concrete was that it was to be placed in layers 
about four to 6 in. thick, mixed dry and rammed or tamped. Much work 
has been executed in that way with good aggregate which has not stood 
up well, which shows the marks of various layers, which has disintegrated 
more or less under frost action and shown both crazing and cracking. 

A reasonably plastic mix gives better results and stronger concrete 
than a dry mix because as ordinarily placed much of the excess water 
leaks out through cracks in the forms and a certain moderate excess of 
plasticity helps thereby in securing a dense concrete by leakage and the 
settlement of the materials together in this way. In the laboratory test 
on the contrary where the water in the molds is prevented by parafiine 
from oozing out the strength is lessened and in like manner in placing the 
floor finish on a rough slab of concrete because the water cannot get away 
the floor finish will not stand well under trucking unless the water is 
limited to the minimum amount consistent to bringing the water to the 
surface when the finish is worked. 

The lessons of the laboratory are valuable in substantiating practical 
experience in this respect but they have been to some extent misinterpreted 
in the ordinary run of rough work where excess moisture is eliminated as 
noted and there it is needed for plasticity in surrounding the steel and 
getting sound concrete. 

The idea that we are going to design concrete mixtures by algebraic 
formulas does not impress one favorably. At a convention in Milwaukee 
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eighteen years ago this matter was the subject of extended discussion. 
Proportioning by weight to get the greatest density was the theme and on 
that basis seemingly galena as aggregate would secure the strongest con- 
crete because that would be most dense from the weight value standpoint. 
The idea that the proportioning by weight must be varied with the weight 
volume of the different aggregate was only slightly touched upon and the 
method was open to the criticism of inferiority to the older idea of deter- 
mining the percentage of voids in the coarse aggregate by noting the rela- 
tive volume of water which a struck measure of the aggregate would 
contain. This method may not be applied to sand because of its fineness 
and we may have recourse to the extensive experiments by Feret and the 
diagrams showing the values of the variation in the size of the grains as 
a practical guide from our analysis of the sand by the sieve test. 

In other words, on the theory that concrete is an artificial conglomer- 
ate stone the coarse aggregate may be viewed as a space filler and the 
mortar the cement that fills the voids and holds the coarse material to- 
gether. On that simple conception we analyze the coarse aggregate for 
the volume of voids by filling it with water and then use the necessary 
amount of mortar not only to fill that volume of voids but allow a twenty 
to 25 per cent excess, thus providing for solidity and working plasticity. 


Lesiie H. AtLen.—Mr. Bates will get into difficulty because, if I 
understand him rightly, he says that if the crazing cannot be observed 
with the naked eye, he is going to use a microscope, and I suppose if a 
low-powered microscope won’t show it, he will use a high-powered one and 
find the crazes somehow. I think the Institute ought to take his weapon 
away from him and rule that crazing is that which can be discerned with 
the naked eye. I believe that with that limitation, we can claim that in 
the product we make we do not get crazing. Just why, I do not know, 
because, according to all the theories, we ought to get it. We make a 
thin concrete product—a roofing tile. The body of the tile is a tamped 
concrete made relatively dry, of a one to three mix of cement and a fairly 
coarse, well graded sand. On top of that we placed a sixteenth of an inch 
of a very wet, 1: 1 concrete with an admixture of about 25 per cent of 
either ferric oxide or chromium oxide, to get color. That is very wet and 
flows on the surface of the tile and is smoothed off with a trowel just once, 
and as far as I can see, we do not get crazing on that product. The 
curing is done at room temperature with a little sprinkling the first 48 
hours and after that it is exposed to outside temperature, although pro- 
' tected from the sun. The problem of crazing varies, however, so much 
in different kinds of products, monolithic concrete work, stucco, wet-poured 
concrete products and dry-tamped concrete products that I presume there 
must be very different reasons for the phenomena of crazing in those differ- 
ent lines. I have been told by some people that perhaps the metallic oxide 
admixtures we used are what saved the day in our case. I would like 
to suggest to the committee that they have a look at the products we are 
making and see if their team eyesight, unaided, will observe any crazing. 


Mr. Allen. 


SHaLtt ANYTHING BE ADDED TO PoRTLAND CEMENT? 
By Maximixian Tocou.* 


Portland cement manufacturers as well as the International Society 
for Testing Materials have been against the addition of any material to 
portland cement, and before the World War, the International Society 
issued a statement that nothing beyond 2 per cent should ever be added 
to portland cement. This statement needs: qualification, for the gray, 
somber, monotonous appearance of many portland cement structures can 
be much relieved either by proper painting, or by the addition of the cor- 
rect pigments. 

This has led our laboratory to make exhaustive experiments covering 
a period of years, on the correct pigments which should be added to port- 
land cement, for the ideal pigment would always be one that would not 
interfere with the setting nor with its tensile strength. 

Several years ago, in attempting to devise a reasonably-priced blue- 
green, and a reasonably priced green, I found, what would most naturally 
appeal to any chemist, that either a carbonate of copper or some other 
insoluble salt of copper would be the logical material to use for making a 
bluish-green. Much to my surprise, a block made with various copper 
salts had about the tensile strength of a slice of rye bread two or three 
days old, and for a long time I could not account for this. 

Eventually, and through further experimentation, it dawned upon me 
that no color is useful in portland cement which combines with lime, for 
it is generally known that anything which abstracts lime or combines with 
lime prevents the cementitious quality of the cement itself, and that is 
why copper pigments must not be used. 

What really takes place is, that instead of the lime liberating and 
crystallizing thereby forming a reticulated structure, which bonds the 
small particles of aggregate together, the lime is transferred into a copper 
lime compound with disastrous results to the ultimate strength of the con- 
crete structure. 

The point I want to make particularly is, that many portland cement 
manufacturers do not hesitate to recommend as much as 9 per cent of a 
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pigment the composition and effect of which they are totally ignorant, 
yet they will not permit the addition of 1 or 2 per cent of a useful material 
which improves the concrete. 

Twenty-five years ago a Belgian engineer, named DeMan, came to this 
country and started the manufacture of portland cement tile in various 
colors and in various designs, and it was then that I first noted that some 
of the pigments really waterproofed and gave additional strength to port- 
land cement and some detracted. I was conducting some experiments for 
him at the time, on integral waterproofing, and I noticed that much more 
than 2 per cent of various materials might be added to cement which 
would decorate and at the same time increase the physical qualities of 
portland cement. 

A general rule may be laid down, that a pigment that does not com- 
bine with lime, while it is being generated, produces in itself a tensile 
strength which is quite remarkable, the only unfortunate part being, as 
in the case of the 122 Dutch Blue (see Table IL) which gives an enormous 
increase in tensile strength could not be used either as a waterproofing or 
wearproofing material, because the resulting concrete has a decidedly blue 
tone. Upon investigation these briquettes show that an additional amount 
of an aluminate has probably been formed which in itself is a cementitious 
material. 

The lists which I append show the addition of 2, 5 and 10 per cent of 
various pigments, and also show quite conclusively that in the case of a 
chemically pure black, like No. 112 and No. 111, 2 per cent is all that is 
necessary, but 5 per cent will do no harm. 

With the 113 B Pure Gray, which is a very dark gray, the increase in 
tensile strength is due to the addition of calcium phosphate, but both the 
97 yellow and 127 green are not to be recommended on account of their 
abnormal reduction, and for the further reason that the pigmented concrete 
is soluble in water. A pigment added to portland cement must not be 
soluble. 

Chemical engineers and concrete engineers have never co-operated as 
they should. For some reason, the concrete engineer while he is a mechani- 
cal or civil engineer has not regarded portland cement and its reactions in 
any other light than that of a physical cementitious material which needs 
little or no explanation. As a matter of fact it is a chemical compound 
and its reactions are purely chemical. No one understands this better 
than the manufacturing chemist who has built of concrete, and in my 
experience I have never seen a single instance wherein concrete in a chemi- 
cal works can be depended upon, or can be utilized without either the addi- 
tion of an integral compound, or the application of a coating material to 
preserve it against acid or alkaline decomposition. 

There is a general consensus of opinion that concrete properly made 
needs no integral or surface treatment for waterproofing or hardening. 
This is perfectly true as far as it goes, but it does not go far enough, as 
there are many cases where the treatment of concrete even before it is 
finished, or after, is essential. 
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Take the case of concrete roadways. As soon as these are open to the 
public some sections begin to go to pieces at once. The new concrete road 
between Jamaica and Lawrence, L. I., which was completed a little over 
two years ago has been shut down occasionally for repairs, all of which 
could have been obviated if the road had been properly reinforced, and if 
the surface had been treated so as to prevent frost cracks, and surface dis- 
integration. E 

Personally, I do not know of a single concrete floor in the interior 
of any building which is considered finished without hardening, painting, 
or integral material added, and the argument in the case simply sums up 
into the following: that you may be able to make concrete which is per- 
manent, without the addition of anything, but the chances are very much 
against you. All the arguments of the cement manufacturer about the 
impermeability of portland cement and its lasting qualities under all con- 
ditions fall to the ground when it comes to the use of portland cement in 
chemical engineering work. 

Bins for the storage of nitre cake, which is sulphate of soda containing 
about 30 per cent of free sulphuric acid, are exceedingly difficult to build 
of any material. The result is that most of it is stored in the open where 
the rain, snow and dirt attack it, and frequently render large parts of it 
useless. When the pile has been cleared away the earth is so soaked with 
acid that it destroys your shoes when you walk over it. 

Eight years ago, when we went into the World War, it became essential 
to construct a building where thousands of tons of this material had to be 
stored and used for the manufacture of material essential in the conduct 
of the war. It was utterly impossible at that time to obtain sufficient 
acid-proof brick or porcelain tile, or to find a perfectly acid-proof binding 
material, or to obtain the necessary skilled labor to erect a storage build- 
ing of this kind. Even had all these things been obtainable the cost would 
have been prohibitive; so, much to the chagrin of my associates, I decided 
to build a concrete warehouse which was nothing more or less than a pit— 
50 ft. x 150 ft. and 10 ft. deep, with a superstructure of wood. This pit 
was built entirely of concrete, properly reinforced with reinforcing rods 
coated with an acid-proof material. The entire mass contained an acid 
and waterproof integral mixture, and the surface was % in. of 1:3 con- 
crete composed of 1 part portland cement, 2 parts of sand and 1 part of 
the same acid-proof integral material troweled down hard and dry. After 
ten days the surface was again treated with an acid-proof filler and a coat 
of paint. This was in 1917. The last time I examined this building care- 
fully was in December, 1924. It had been continuously used for the stor- 
age of nitre cake, and it was still in perfect condition. No leaks had 
developed, no surface erosion appeared, because the free sulphuric acid had 
had no chance to attack the concrete. Now, I ask, in all fairness, whether 
a concrete bin could be built of only portland cement, sand and aggregate, 
which would have stood more than a few months. 

I know of many other cases of mechanical works, where portland cement 
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could be used, if properly treated, but where attempts to use it have been 
failures because untreated portland cement is neither acid-proof nor alkali- 
proof. 

I think it will be admitted that concrete will not stand in an alkaline 
soil, and no perfect integral or surface treatment has yet been worked out 
which gives complete satisfaction for a number of years, 

Admitted, that there are many cases where portland cement must be 
treated either during or after its construction, there is no one panacea 
which covers it all. 

The “black eye” that the treatment of portland cement has received 
is unfortunately due to some of the poor materials that have been exploited 
and that have failed. 


THE CORROSION OF STEEL IN CONCRETE.* 


When steel corrodes its volume increases in relation to its molecular 
weight, and this increase is as 112 is to 211. This, of course, varies with 
the nature of the corrosion, and I am taking yellow rust as a standard. 

As far back as 1907 when I examined the corrosion of the steel col- 
umns on the New York subway, and later in 1912 I examined the corrosion 
of the steel of the Battleship “Maine,” which had been lying in and out 
of sea water for thirteen years, I made the fact public that rust was not 
definitely the tri-hydroxide of iron Fe,0, 3H,0, but it could be a magnetic 
form of black, and it could also be the brown variety containing less water 
than the yellow. What I want to point out particularly is that any in- 
crease in volume produces pressure so that if we have a film of paint and 
rust starts underneath the increase in volume of the rust as compared with 
the steel itself lifts off the film of paint, for it is a well-known law in 
physical chemistry that any reaction that produces pressure is retarded by 
pressure. For instance, if you take a bottle and put in a few pieces of zinc 
and hydrochloric acid, effervescence takes place, hydrogen is liberated and 
chloride of zinc is formed, but if you take a strong bottle and hammer a 
cork down tightly into it, the chemical reaction stops because the pressure 
of the walls of the corked bottle is greater than the pressure generated. 

Tradition has taught us that concrete prevents corrosion of steel, and 
progress is retarded on account of tradition in many instances. If a steel 
bar is embedded in concrete sufficiently deep and kept back from the exte- 
rior face sufficiently far so that the weight of the concrete is greater than 
the pressure produced by corrosion, you will have no corrosion, but if the 
bar is sufficiently near the surface so that the action of water and air can 
reach the steel, you not only have corrosion, but the pressure produced by 
it splits off the surface of the concrete. These reactions are plainly seen 
in the Figs. 2, 3, 4 and 5. The general statement, that concrete prevents 


*It gives me a great deal of gratification to acknowledge the co-operation 
of T. Arthur Smith, vice-president of the Turner Construction Co. for loaning 
me some of the photographs which appear in this illustration. 
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corrosion is not correct, in fact, concrete may accelerate corrosion if the 
amount of lime liberated is below a given strength.* 

Take the case of a steel drum in which ammonia is shipped. Just as 
long as the ammonia is of sufficient strength no corrosion takes place on 
the inside of the drum because the alkali inhibits it, but empty the drum 
and fill it with water, or reduce the ammonia below a given strength, and 
you produce corrosion even though the liquid is strongly alkaline. If you 
take portland cement and mix it with two parts of sand, and then em- 
bed a piece of bright, clean steel in it 4 in. below the surface, you can 


FIG. 1.—REINFORCED-CONCRETE ROOF IN CHEMICAL WORKS WHICH COLLAPSED 
OWING TO THE CORROSION OF THE STEEL THROUGH THE CONCRETE, 
The roof was made in slabs 4 in. thick, one part of cement, 3 parts of sand. 


submerge this experiment in all kinds of corrosive liquids, and no corrosion 
of the steel takes place, for two reasons, first, because a 1: 2 mixture suffi- 
ciently trowelled is impermeable, and secondly, because the amount of 
alkali generated by a rich mixture of that kind is sufficiently great to 
prevent corrosion. But if you take a steel bar embedded in a 1: 2%:5 
mixture you will have corrosion, or you will prevent corrosion depending 
upon the distance that the steel is from the surface. 


*Corrosion of Iron and Steel; Dilute Alkaline Solutions, J. Newton Friend ; 
See also—Heyn & Bauer; Cribb & Arnauld. 
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A number of my engineering friends have taken issue with me that 
reinforced-concrete construction is a civil and mechanical engineering prob- 
lem, and not a chemical engineering problem. I differ from them in so far 
as I believe reinforced-concrete construction is mechanical, civil, and chem- 
ical, and that it is by far wiser for the three types of engineers to get 
together and co-operate than it is for one of them to resent the advice 
of the chemical engineer. I am sure we all want to make progress. My 
personal attitude has always been that a blind hen occasionally finds a 
grain of corn, so that even we chemists may stumble upon facts which will 
help mechanical and civil engineers in proper construction, so let us see 
how best we can get together in order to conserve concrete of all types. 

I have been hampered very much by the fact that I have been making. 
materials for the preservation of concrete for 30 years, and every time | 
suggest something of the kind the commercial aspect obtrudes itself more 
or less. Therefore in this article it must be patent why there are many 
cases where a non-proprietary article will do. An engineer could paint 
reinforcing rods with ‘& mixture of neat portland cement and lime water 
so as to be sure that the percentage of alkalinity generated is beyond the 
corrosive point, and in order to frost-proof the surface, he could buy any 
one of the good mixtures on the market composed of zine and magnesium 
fluosilicate which would precipitate enough silica into the pores of the 
concrete to prevent moisture getting through. 

Every engineer, of course, understands that there are two elements 
that produce rust: one is air (oxygen), and the other is water, but pure 
air that contains no water is non-corrosive, and distilled water or boiled 
water that contains no air is non-corrosive. A piece of steel exposed to 
the air at. New Mexico or Arizona remains bright for many months because 
the air does not contain sufficient moisture to produce rust. I believe engi- 
neers will agree with me that the proper place for reinforcing rods or bars 
to obtain the greatest compressive strength should be near the surface. 
Unless the surface be waterproofed, or the bars treated so that they would 
not corrode, the same effect will be produced as is shown in Figs. 2, 3, 4 
and 5. 

If cement wash, as an exterior finish, is an added protection on a con- 
crete building, how much more of an added protection would an acid resin 
paint be with a waterproof coating, but the only trouble with a cement 
wash is, that it may or may not set, and if it does not you will simply 
have a coating of dust. 

The whole problem of the preservation of steel, whether it be reinforc- 
ing bars, or whether it be a bridge, is not quite as difficult as most engi- 
neers seem to think, for co-operation with the chemical engineer so that he 
may obtain at least a little share of the credit, is going to improve condi- 
tions all round. 

One of our great bars to progress in concrete has been tradition. 1 
take it that every one present remembers how years ago tradition had it 
that concrete would not stand sea water. Up to 1912 there was no con- 
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FIGS, 2 TO 5.—CORROSION OF THE STEEL WHICH PRODUCED PRESSURE AND 
SPLIT OFF THE SURFACE OF THE CONCRETE. 


This would not have happened if the steel had been painted or if the exterior 
of the concrete had been coated to prevent the access of water. 
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crete sea wall built by the United States Navy that did not look as if some 
giant monster had bitten big pieces out of the structures. There have been 
many theories advanced as to why concrete will not hold in sea water, but 
the simplest one and the most tenable one is the solubility of lime in pure 
water and its greater solubility in salt water. The argument that no 
material need be added to portland cement to make it absolutely perfect 
provided enough cement is added, and the mixture properly made, has 
never convinced me. 

When the United States Navy built its first great dry dock, known 
as Dry Dock No. 4 in the Brooklyn Navy Yard, the chief engineer deter- 
mined to waterproof every part of it excepting the bottom, and the bottom 
being many feet thick and carefully laid, has cost thousands of dollars to 
repair, and even today is not in anything like good condition. Yet the 
side walls which were waterproofed are all perfect, and so the other four 
great dry docks built by the Navy have been waterproofed, and in not a 
single instance has the slightest deterioration taken place. If this argu- 
ment will not hold, I would very much like to have it answered. 

Portland cement has been standardized for many years. I do not doubt 
for a single moment that this has worked against its universal use rather 
than for it. No portland cement manufacturer has dared to improve his 
product by altering it from a prescribed composition. The holy circle 
drawn around it, has included, that it should set within a prescribed time; 
it shall have a given tensile strength; and nothing shall be detracted from 
it, nor shall anything be added to it, and the result has been that it has 
stood still. 

It is perfectly possible to make portland cement set quicker than it 
does without detracting from its physical qualities, yet such a procedure 
is tabooed. 

In 1918 the Germans built a gun which had a range of 74 miles. So 
secretly was this. done that the foundation on which it rested was built in 
24 hours, and destroyed in the same time. It is now well known that that 
foundation was an oxychloride cement and not a portland cement. New 
stuccos which set quickly, and have been giving excellent satisfaction are 
made both of oxychloride and calcium sulphate quick setting cements. 

Lately there has come on the market a cement the probable composi- 
tion of which is a calcium aluminate and calcium ferrite (lumnite) 
which in 24 hours attains 91 per cent of its ultimate strength. There 

‘seems to be a great future for this cement. 

There are many good materials on the market which should be used 
for coloring cement, waterproofing cement, lubricating concrete, and pro- 
tecting it against acid and alkaline conditions which normally destroy con- 
crete, and the same liberal interpretation for the use of added materials 
to increase the utility of concrete and concrete structures is very much to 


be desired. 
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CoNCLUSION. 


Ordinary Venetian Red such as is indicated by 179 Terra Cotta or any 
red oxide containing calcium sulphate is dangerous as the mortar color. 
Chrome yellows and copper greens similar to 97 and 127 are not to be used 
as they detract from the lime. 

It is more important to paint reinforcing rods either with an alkali- 
proof paint or with a wash of pure portland cement than it is to let them 
go uncoated. The popular fallacy that rusty iron adheres to conerete is 
an error as is shown by the photographs in the illustrations. 

Where calcium chloride is used as an anti-freeze or some other of the 
basic chlorides, they are very likely to rust steel in spite of the excess of 
lime that may be in the concrete. It is therefore essential to paint them 
with an alkali- or chloride-proof paint, and in that case, a simple wash 
with concrete is not sufficient. 


97 Yellow......... Basic zine chromate 170 noe tai See Calcium sulphate, ferric oxide 

168 (Oake esse Ferric hydroxide and colloidal and clay (Venetian red) _ 
aluminum silicate LBiiey.sne parents Ferric oxide and colloidal silicate 

165 Light Drab..... Ferroso ferric oxide aluminum 429......./......- Ferric oxide 
silicate 106%, Pere Ferric oxide, ferrous oxide, and 

Wes Fa ees Copper carbonate manganese hydroxide 

505 Willow Green...Chromium oxide, freefromsolu- 113..............- Calcium phosphate and carbon 
ble salts OA keke, Up ana Principally carbon 

535 Sea Green...... Mixtures of 505,165 andcarbon 122..............- Cobalt blue, free from soluble 
black salts 

TSS ee ee He Meta para ortho nitro toluidine 520............... Oxide of iron 

AGD Gey are oe Paramit annie prea piaied 116iBlackwen sce Oxide of iron and manganese 
barium sulphate and alizarine 111 

713 Spruce.........Mixtures of 179 and 163 112 } eee dears Black carbon 


Taste I.—Tensite StrencrH: 1:3 Morrar with CoLorina PIGMENTS 


ADDED 

“> 
8 
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3| |£le 2\6/2| 8/8] 2/2/32 2 
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Es 2/3] 6/S/S]a| $8] 3|]-2| B] 2] 5/2/81 S| 4/4) 4/414] 2 
S| 4) m| 315] 3/2 E| E| 8| S|S/\G|4/ 3/5/38] 8/8] 8/8] 2 
mia] P| Ele] S] a] x) 8) S| 8] 8] Bee eH mss | eee [ress | est | peel eee es 
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Sl Sl Sls] ol el Sls [sl SlrolMail on Siti eollloilonlor ono 3 
AZ\A2\A2\2\4|42|424|4/|42/4/4|\4| 4/4 Z\|\424\4|4\|4\4|4|4i< 

Per cent 
color added.| 10} 10} 10] 10] 10) 10] 5] 10} 10] 10) 10} 10} 10] 10} 10} 10) 10} 10! 2) 5) 2) 5 


7 days... 95|295|300| 85|250|270|/300/460/280| 80] 70|330|310|320/355|505|340|295|305|340|250) 195/295 


Average... .| 97/300/298| 83/257|275|305|437/285) 85) 72/338)318|328|348/518/342/293/303|347|258/192/305 


14 days... } 160|410|390|180|345|380|410|350/400| $51360/435/445|445|425|580|435|385|400|400|335|265|425 


Average... .|170|410|390/178}340)380)402|353/397| 83|362/437|/440|438|430)573|428|388|393/397|345|267|425 


28 days... 320]455|465/300|410|420|430 425|450|120|515/465|475|515|445|625|470|450)450/420 370 310/450 


Average... .|323/452|470/300|407|420|435)423/452|123|505/465/477|518)457|635|487|452|458|428)370/310)/435 


OE  — ——————— 
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TasLe II.—Ternsity Srrencru or Cement ConrTaAINnING 10 Per Crent or 


Cotoring INGREDIENT 


Blank No. 122 No. 179 R : 
(10 per cant Sand) Blue Vi puetian Red Brine Yellow 
386 447 108 365 
358 508 96 395 
1D, 366 
93 358 
372 478 102 ByAll 


(1) No. 122 Blue increases tensile strength of cement. 
(2) No. 179 Venetian Red decreases tensile strength of cement very appreciably. 


No. 179 
SECO) oaeeiena os EA ees Gee ey eee eee 35.70 per cent 
NSS Oars octy AOI hey OS Ce eT Re ee ae 39.75 per cent 
inertsisases (lay eerie ceed 24.55 per cent 


The analysis of No. 179 (Venetian Red) such as is commonly used for red 


coloring in mortar and concrete. 


TaBLeE IIJ.—TeEnsILe Strenery or 1:3 Mortar Containing 10 Per Centr 


oF CoLorinG PIGMENTS 


No. 429 No. 465 No. 94 
Color Cherry Red Ox Blood Black Blank 
oom 328 374 308 
351 333 418* 316 
Breaking strength, 441* 361* 375 274 . 
DS Gay Swans ase aie 379 320 380 315 
| 341 329 366 343 
| 386 322 393 345 


Averages........... S70) (Gyysv7za Gy aiale 317 


Prof. Hatt. 


Mr. Toch. 


Mr. Wight. 


DISCUSSION. 


Pror. W. K. Harr.—Perhaps Dr. Toch can answer a question which is 
troubling me. He has told us that the prevention of rusting of steel is 
affected by the weight of the concrete acting against the expansion due 
to rusting and, therefore, the steel should be as far from the surface as 
possible. Now a heavy mass of wet concrete when exposed to a rapid dry- 
ing atmosphere shrinks on the surface and cracks or crazes are developed, 
thereby permitting rust producing agencies. It the steel is put near the 
surface, these cracks are to a substantial degree prevented. Some middle 
position between the surface steel and steél too far embedded should be 
determined. 

MAXIMILIAN Tocu.—TI said you could put the steel near the surface 
provided you coated it with an alkali proof material. Rust is produced 
through water and air; one of them alone will not do it, so if you keep 
air and water out of the concrete, you can keep rust away from the steel. 
The reaction that takes place in rusting is one of pressure; that is to say, 
112 lb., that is the atomic weight of two iron, produces 221 lb. of rust, 
so you have double the bulk there. Now if you have a heavy enough 
weight on top of that, the oxide of iron cannot form, and consequently it 
cannot lift if it does form, so it stops, because any reaction—this is a 
fundamental law in chemical physics—that produces pressure is retarded 
by pressure, so no matter if you did have a crack and put muriatic acid 
down that crack up to the steel, if you had enough weight on that steel, 
no rust would take place, except at the point of contact. 

Frank C. Wicut.—I do not follow Dr. Toch’s reasoning on the per- 
formance of the under side of a reinforced-concrete beam. Certainly there 
is no weight on the two, three or four inches of concrete which lies beneath 
the reinforcement in the lower flange of such a beam. 

I probably have been unfortunate enough to have seen as many con- 
crete buildings which have failed as anybody in this country. In a con- 
crete building failure, you can see the performance of steel in concrete 
better than you can in any other way. It is very rare, in my experience, 
when you examine a concrete failure, to find any rust evidence on the 
steel, or on the concrete which has been lifted off of the steel, and still bears 
the impress of the curve of the rod. It is a fact that in practically all 
concrete failures, particularly where you get a failure of a slab with a 
large number of rods and a wide plane, that the impact of a falling mass— 
and this failure I am commenting on is the failure of a fairly good con- 
crete resulting from the impact of a falling mass which was not so good— 
the falling mass practically invariably takes all the concrete from the rod. 
In comments on concrete failures I have frequently seen it stated that the 


(144) 


DISCUSSION. 145 


concrete could not have been good and the bond between the concrete and 
the steel could not be good because all the concrete was stripped from the 
rod. I have never seen a failure where a floor slab collapsed and hung 
down, where the concrete did not strip from the rod. Such behavior is 
no indication of the condition of the concrete. In, such cases there is 
rarely evidence of incrustation of rust on the concrete that remains and 
very little evidence of rust on the steel itself. 

It seems to me that that tendency to rust is due to the lack of den- 
sity of the concrete and not to the lack of weight. 

C. A. P. Turner.—I was called some years ago to investigate a con- 
crete bakery building. The floors were all heavy, having furnaces 150 tons 
weight on some panels. The complaint was that the concrete was getting 
out of shape so much that a hundred dollars worth of glass per month was 
broken in the windows. I could not find anything the matter with the 
conerete. The steel sash were bulging out of line and the glass was crack- 
ing. I found that the steel was rusted from steam and fumes to the extent 
that a layer of rust from an eighth to a quarter inch had formed under 
the base and top of the sash causing the muntins to bow out of line an 
inch or an inch and a half and in like manner the rust between the glass 
and the muntin by expansion was squeezing the glass and causing it to 
break. J advised the owners to put in wood sash or secure stainless steel 
sash in place and they would then have no complaint about the concrete 
on this ground. 

P. H. Bates.—In the first place, I am glad Mr. Turner digressed 
a little on this question of the corrosion of steel, largely because Mr. Toch, 
as I understand him to say, had said that the question of corrosion of 
steel was settled seventy-five years ago. If it was, it is unfortunate that 
the steel manufacturers have never taken advantage of that, because 
we still have corrosion of steel. 

Dr. Toch refers to the standardization of cement, or, as I would get it, 
the over-standardization, and while he hands us a little bit of Irish confetti 
along that line, I feel that his last page comes to us as a real award of 
merit, because I notice he refers particularly to the undesirability. of too 
much calcium sulphate. Now the committees that have been working on 
the specifications for cement, have put a maximum limit already on the 
SO, contents of cement as you buy it, so that while we may have erred 
somewhat in our standards for portland cement, I think Dr. Toch will 
agree that we have not over-standardized along this particular line. I do 
not belong to any one of the class of professions which may be referred to 
as hyphenated,—I am not a civil, mechanical, tonsorial or any other kind 
of engineer. I am only a simple chemist and consequently can take ex- 
ception to Dr. Toch’s statement that the chemical engineer is the man 
who is going to settle this question for us. I think the party or parties 
who settle this whole question of the durability and proper use of concrete 
is not going to be any type of engineer; on the contrary, he is going to 
be a physical chemist. As engineers you are too much engineers and not 


Mr. Turner. 


Mr. Bates. 


Dr. Toch. 


Mr. Turner. 
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enough chemists. Although engineers are presumably applied physicists, 
unfortunately in applying their physics, (I can say this, not being one of 
them), they have forgotten most of it. The physical chemist is neither a 
chemist nor a physicist, but he has retained a few of the fundamentals 
which he learned, and apples physics and chemistry in the solution of his 
problems. I think possibly one of the reasons why we are in the present 
status in regard to our knowledge of cement and concrete is that the chem- 
ical engineer has had too much to do with it and the man who should 
have been working on it, is this man who will apply the fundamentals of 
physics and chemistry to reactions that are a combination of those two 
and have not anything at all to do with engineering. The so-called engi- 
neer, or the real engineer (and you are all engineers here, or the majority 
of you are), is of that type who has forgotten most of his physics. That 
is unfortunate. Had you retained as much of your physics as the physical 
chemist has, we would have been further along. As a matter of fact, in this 
question of the solution of cement and what it is and what it does—all the 
progress we have made to date has been made by physical chemists. There 
has been practically no progress made by the pure chemist and we cannot 
hope from them in the future. The chemical engineer has been at it for 
a good long time, and judging from the nature of the discussion we have 
had here tonight, we are many miles away from an answer. 

Dr. Tocu.—I would like to reply to Mr. Bates: In the first place, 
1 did not say that the problem of corrosion had been settled; I said the 
theory was settled seventy-five years ago by Ditmar and I was referring to 
Ditmar’s Anorganische Chemie written about 1854, who, long before any 
of us here was born, gave a full and complete account of the theory of 
carbon dioxide corrosion, and in 1902 there appeared that monumental 
paper by Dr. Whitney, head of the General Electric Co., who demonstrated 
the ionic theory of corrosion and then after that appeared endless papers 
showing the electrolytic theory, so that at least we know what corrosion 
is. I did not say that the matter had been solved in a preventive way ; 
that is entirely another question. 

C. A. P. TurneR.—In coloring concrete we can learn from the methods 
of the Cubans in their manufacture of Spanish tile. On a trip to Havana 
I visited three large factories making tile 8 in. by 8 in. square by 1% in. 
thick of all colors. Some of these floors have been in use for forty years 
of constant wear without dusting. The colors used were mineral colors 
only. That is natural mineral aggregate. Their work is successful. There 
is no dusting because the tile are really hardened by mechanical pressure. 
The facing is neat cement and color mixed to the consistency of plaster of 
paris. The backing is a dry mix of sand and cement. The sand being 
heated or baked so there is not a particle of moisture in it. The different 
colors are separated by a steel scroll of band iron forming the pattern and 
presenting pockets when the scroll is placed on the steel face plate of the 
machine. These pockets are filled with a scoop for about 5% in. Then the 
scroll is removed, neat cement is dusted on the surface and the balance of 
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the die is filled with the dry mixture and siruck off level. Then it is 
pressed with 5,000 lb. per square inch pressure, and instantly the block is 
hardened by forcing the moisture from the downward face up. ‘The tile 
are dried in a rack for thirty days without sprinkling or other attention, 
when they are ready to ship. 

Lestig H. ALLEN.—This matter of coloring pigments is, I believe, a 
matter of far greater importance to the future of the industry than is 
perhaps realized, because if we can get the polychrome effects in concrete, 
either monolithic or precast, that have been obtained in terra cotta con- 


Mr. Allen. 


struction, it will open up a tremendously wide field for the further use of | 


concrete in decorative work. In this matter of pigment, I believe that the 
problem is not entirely a chemical one. It is true that a pigment which 
is partly soluble in water is unsatisfactory. The few experiments I have 
been able to make in the plant seemed to indicate that the specific gravity 
has a good deal to do with it, too. We have used ferric oxide and chro- 
mium oxide and ultra marine blue, all of which had a specific gravity 
fairly near that of cement. When we came to use lighter pigments, such 
as lamp black or heavier pigments such as compounds of antimony and 
lead, we did not get satisfactory results; in some way or other they would 
not combine with the cement we were using and the results were quite un- 
satisfactory. That seems to lead me to the same conclusion that Mr. 
Bates reached, that the physicist has quite a little to do with this. I got 
very little help from the consulting chemist I went to and it may be that 
if I consult Mr. Bates on our problems, I will get to the bottom of all of 
them. 


PROPORTIONING CONCRETE MATERIALS WITH HSPECIAL REFERENCE 
TO HigHWway CONSTRUCTION. 


G. W. HurcHInson.* 


Few data are available relating to the development of concrete, as a 
unit, for particular types of structures. From the indications of this 
paper, it appears logical and economic to depart from the universal appli- 
cation of single theory proportioning of conérete for all purposes. Greater 
economy may be secured by considering the type of structure when design- 
ing the concrete mixture. 

The data given bear directly on the design of concrete mixtures for 
highway construction. They appear to be more or less contradictory to 
present tendency or practice, with reference to either building or highway 
work. The economic application to the former may be questioned except 
upon large scale operations. It is felt that application to the latter should 
be given serious consideration, especially with the growing tendency to use 
the larger sizes of coarse aggregate, and the great amount of segregation 
taking place during handling from cars to storage piles. 

In general building and mass concrete, other than highway construc- 
tion, certain safety factors are included in design, and loads approaching 
the ultimate are in force at early stages after the completion of the struc- 
ture. The period at which the structure is called upon to absorb loads 
nearing the ultimate is earlier than in highway construction. The pave- 
ment is not allowed open to traflic until it is about a month old, and at 
first bears applications of lighter stresses, both with reference to numbers 
and weights. The new artery offers additional inducement to both com- 
merce and pleasure, both of which serve to stress the pavement to increas- 
ing amounts. A glance at Fig. 1 gives logic to an assumption that highest 
ultimate strength, with consistent early strength, is the principal feature 
to be considered in the design of concrete mixtures for this type of con- 
struction. 

In the design of such mixtures, there is opportunity for considerable 
investigation. This applies not only to the theoretical proportioning of 
cement and different sizes of aggregate, but to an adjustment of such 
theories with respect to the quality of local aggregates most economically 
available. It also applies to such changes in relative strength which take 
place in concrete as the actual strength increases. 


*Eastern’ Manager, Concrete Dept., Celite Products Co., Chicago. 
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Other features to be accorded consideration will be the stresses pre- 
dominant in the pavement, and proper methods of testing to allow direct 
application of the results to field practice. 

The method of proportioning concrete materials and the type of test 
to be used are most important in making laboratory work of practical 


N 


917 
01g 
919 
220 
927 

on 


5000 


: a 


Perry 


S 


ES 


Number of Vehicles passing given point i ten hours 
Coo 
| 


8 


FIG. 1.—TRAFFIC CENSUS ON WILMINGTON-PHILADELPHIA PIKE. 


value. Sufficient inconsistency exists between theory and practice to make 
it evident that new methods of proportioning aggregates for field concrete 
will be forthcoming before economic progress can be made. The arbitrary 
method of proportioning is acknowledged to be crude, but is yet to be re- 
placed by more scientific methods. While improvement is being stimulated 
locally, general encouragement is lacking, and sometimes opposition is met. 
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Under present methods of proportioning, errors or inaccuracies, even 
within the limits considered acceptable by the method used, not only affect 
the single material in which such error is made, but change practically 
every ratio existing between the different ingredients of the mixture. When 
the total: effect of such changes is considered, it is not to be questioned 
that reason exists for the variation encountered in field concrete. 

This paper brings out a new method for proportioning concrete mate- 
rials and the data derived from it, given in summarized form, appear to 
point out definite facts. The method was designed to represent conditions 
existing in concrete after it has hardened in place. The tests extend up to 
a period of one year. The summary, from which the curves are platted, 
includes several thousand compressive tests and several hundred impact 
tests of concrete. 

The compressive tests consisted of 6 in. x 12-in. cylinders. The im- 
pact test consisted of a 10-lb. weight falling from a constant height to a 
steel ball, 3 in. in diameter and resting in the middle of the top of the 
specimen, The specimen was 6 in. thick and 20 in. in diameter. It was 
supported on three-point rubber padded bearings. Each bottom bearing 
was connected with two rubber padded clamps on top, giving three sets of 
three-point bearings vertically to govern rebound. The weight used, the 
height of drop, and the size of specimen are all arbitrary. Changes in any 
of these would affect the actual results secured, although the relative 
values would be consistent with reasonable limits of test. The general 
relation secured by the given conditions of test, is consistent with the re- 
sults obtained by the compressive tests. It is felt that this relation, among 
others, offsets objection to the use of the 6 in. x 12-in. cylinder in tests 
of concrete made with coarse aggregate graded up to 214 in. especially 
where sufficient number of specimens are made. 

Standard laboratory practice was followed throughout each investiga- 
tion. All mixtures were tested for given consistency by means of the flow 
table. The specimens for compression tests were capped top and bottom 
with neat cement, using machined iron plates to secure a smooth surface, 
and just before testing were ground to a true plane on a revolving disk 
with powdered emery. The specimens were stored in a damp closet up to 
the 28-day period, and then removed to damp sand storage until tested. 
One specimen was made of each mix and age, etc., each day for ten con- 
secutive days. Before each day’s mixing began, sufficient of each material 
for the program for that day was mixed and stored. 

All results given in compression represent the average of ten cylinders. 
The impact test results represent the average of from 10 to 36 specimens. 

In order to avoid confusion the results from which the curves are 
platted are left off, except where the points do not lay practically on the 
curve. In the latter cases they are put on the chart for reference. In 
Fig. D-1, the theoretical difference between the strength of each gradation 
and those surrounding it, being less than the ordinary test error, led to the 
contours being drawn from the value secured by averaging each set of 
three triangularly adjacent gradations. 
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IMPACT TESTING MACHINE FOR CONCRETE, 
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It is assumed that the compressive and impact tests approximate, or 
are somewhat related to, the stresses occurring in a concrete pavement. 
While the pavement seldom fails in direct compression, or is subjected to 
direct blow such as delivered in the impact test, the rumbling of heavy 
traffic over the surface approaches either one or the other in a more or 
less approximate manner. 

Both methods of test develop a number of important inter-relations 
regarding cement and aggregate, which either compensate for or add to, 
the effect of others. They all lead to the consideration of certain prin- 
ciples which, if put into effect, should produce economic concrete. 

For convenience the data are classified under the following headings: 


METHOD OF PROPORTIONING MATERIALS. 


2. VARIATION IN RELATIVE STRENGTH WITH INCREASED ACTUAL 
STRENGTH. 
(a) With different cement content. ~ 
(b) With different sizes of coarse aggregate. 
(c) With different ratio of fine to coarse aggregate. 


3. RELATION BETWEEN IMPACT AND COMPRESSION TESTS. 
VARIATION IN TYPES OF COARSE AGGREGATE, 
5. APPLICATION. 


METHODS OF PROPORTIONING MATERIALS. 


Assuming field concrete in place for predetermination of quality in 
the laboratory, tests should be conducted to eliminate all variables en- 
countered by error or manipulation. Concrete in place is designed to con- 
tain a given amount of cement and aggregate,—generally divided into two 
classes:—i.e., fine and coarse. The latter are generally specified by mini- 
mum and maximum limits. The gradation of the coarse aggregate, within 
the usual limits, has a considerable effect on the strength of the concrete, 
and also varies the amount of concrete secured when added to definite 
quantities of fine aggregate and cement. Such variables require close con- 
trol when testing for the effect of the different ingredients on the strength 
of concrete. 

There are four major variables in a given volume of concrete—cement, 
fine aggregate, coarse aggregate, and consistency. When testing to deter- 
mine the effect of any one of these variables on the strength of concrete, 
it is necessary that the others be kept constant if proper comparison is 
made. It is obvious that accurate tests for two variables cannot be made 
at the same time. The method used in proportioning the materials for 
the tests included in this paper eliminated all variables except those desig- 
nated for comparison. 

By a consideration of these four variables, it is possible to differentiate 
between tests for quality and those for quantity. The use of arbitrary 
methods in proportioning cement and aggregate for either test or for prac- 
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tical purposes conflict in this respect. This is on account of such factors 
as the variation in the bulking effect of different gradations of fine and 
coarse aggregate producing a variable in the volume of concrete obtained. 
They are effective in changing the ratio of each material to each other 
material, which has an important bearing on not only the strength but the 
unit cost of the concrete. A proper comparison of materials for economic 
concrete should take into consideration not only the unit cost of the differ- 
ent materials, but the quantity of each necessary to produce a given volume 
of concrete. 

The difference in quality of concrete mixtures should be determined by 
tests of concrete. The difference in cost should be computed. 

The method used in these investigations required considerable pre- 
liminary work to determine the exact quantities of each ingredient neces- 
sary to secure given volume of concrete. The results obtained, however, 
more than justify the additional time and expense. 

While it is desirable to consider fine and coarse aggregate under a 
single division, it would widen the limits, as such, beyond control. The 
design of concrete mixtures, should, however, consider the aggregate under 
a single heading. Field application should divide the aggregate, from 
minimum to maximum, into several sizes, preferably bearing direct mathe- 
matical relation to each other. The number of sizes selected should be con- 
sistent with the range between the minimum and maximum limits, as well 
as with the importance of strength and uniformity of the concrete required 
for the given structure. 

A given volume of inert aggregate, regardless of gradation, in itself, 
will have no strength. On the other hand the same volume containing all 
cement will have highest strength. By making these assumptions in out- 
lining tests, there are two extremes obtained which are constant in all 
cases. This is true regardless of the mixtures of cement and aggregates 
used between these extremes. With the volume of mixed concrete and the 
consistency constant, the difference in relative strength between any number 
of gradations of aggregate can be indicated by the divergence of the respec- 
tive curves, platted from the values obtained by increasing the cement con- 
tent from 0 to 100 per cent and decreasing the aggregate content accord- 
ingly. The latter is necessary to maintain the constant volume of mixed 
concrete. Fig. 2 shows typical curves by this method. 

All cement is proportioned (dry) in volumetric ratio to the finished 
concrete. The percentages, by this method, applied to arbitrary field mix- 
tures will approximate the following: 1: 3:6 = 15 per cent; 1: 24:5 = 
18.5 per cent; 1:2: 4 = 22 per cent; b: 2:3 = 26 per cent; 1:14: 3 
= 28 per cent. 

The tests include practically every gradation of coarse aggregate used 
in normal concrete work. They also furnish data on the effect of variation 
in the cement content as well as in the ratio of fine to coarse aggregate. 
From the results secured, and by reasonable interpretation of the curves, 
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ete., as indicated by definite tendencies, which in many cases are of as 
much importance as the curves themselves, the following conclusions are 


offered: 


(1) Concrete should be proportioned. - 
(a) With a definite amount of cement per volume of completed 
mixture. 
(b) By combining definite amounts of several definite sizes of 
aggregate. 
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FIG, 2.—TYPICAL CURVES SHOWING CEMENT CONTENT FROM 0% TO 100%. 


Laboratory work by this method will generally require section of curves 
including cement contents from 15% to 40% in five per cent units depending on 
the type of investigation. 


(c) With reference to a desired strength at a given age. 

(d) By regulation of either the amount of cement, the size and 
type of the aggregate, the ratio of fine to coarse aggregate, 
or combinations of these, to secure the desired quality under 
“ce” economically. 

(e) All tests for comparison or determination of quality should 


be made from concretes of equal volumes and consistencies. 


(2) 


(3) 


(6) 


(7) 


(8) 


(9) 


(10) 
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With all other factors equal 

(a) The compressive strength and the resistance to impact of 
concrete are increased as the size of the coarse aggregate is 
decreased. The minimum limits appear to be governed by 
the amount and quality of cement in the mix. 

(b) The relative increase in compressive strength of the over- 
sanded mixtures, while higher at the early period (28 days), 
is lower at later ages (or other normal factors causing in- 
creased actual strength). 

(c) This effect (b) is greater as the size of the coarse aggregate 
is decreased. 

(d) The relative compressive strength of concretes containing the 
smaller sizes of coarse aggregate increases at a greater rate 
than those containing the larger sizes. 

(e) The relative compressive strength of concretes having lower 
cement contents increases at a greater rate than those hav- 
ing a higher cement content. 


There is an economic relation between the amount of cement in 
the mixture and the maximum size of the coarse aggregate used. 


Age or other causes whereby the strength of the concrete is nor- 
mally increased, affects changes in the relative strength of con- 
crete mixtures. 


Tests at the early ages (7 and 28 days) are suited only to deter- 
mine the quality of concrete at such ages. They do not truly indi- 
cate the proper relation between different mixtures at the later 
ages. In the leaner mixtures they have a tendency to be more 
misleading than in the richer. 

In normal concrete mixtures there appears to be a definite relation 
between the resistance to impact and the compressive strength. 


The quality of the coarse aggregate affects both the ‘compressive 
strength and the resistance to impact of concrete. 


With different types of coarse aggregates, size may be adjusted to 
compensate for difference in quality of concretes having equal ce- 
ment contents. Cement may also be used as a means to accom- 
lish the same purpose. 

The effect of change in relative strength on the actual strength of 
concrete, containing various amounts of cement, gradations, and 
types of aggregates, etc., should be considered especially in the 
design of concrete mixtures for highway construction. 

By making tests of various types of aggregates in concretes rich 
in cement, it is possible to approximate the relative values they 
will possess in the more normal miatures at the later periods. 
The smaller size of aggregate (3% in.-% in.) should be used for 
this work. 


/ 
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OVER-SANDED MIXTURES. 


The tests indicate that as the ratio of fine to coarse aggregate is in- 
creased in normal concrete mixtures, a higher early strength is obtained 
for a given cement content. The rate of increase with age is lower than 
in the mixtures having a lower ratio of fine to coarse aggregate. 

In Fig. C-1 the actual strengths of the various concrete mixtures, at 
the ages of 28 days and one year, are platted against cement content. At 
the age of 28 days the over-sanded mixtures show higher actual strength 
than those having a fine-coarse aggregate ratio of 1:2, but the curves 
coincide at the one-year period. Attention is called to Fig. C-3 in which 
the average relative increase in strength of all gradations of aggregate 
from Series 23-106 containing 25 per cent of cement, are platted in con- 
nection with Series 23-100. The ratio of fine to coarse aggregate in Series 
23-100 is slightly higher than that in Series 23-106. It will be noted that 
although the data refer to two separate investigations, the same tendency 
exists in favor of the lower fine-coarse aggregate ratio as both concretes 
increase in actual strength. Fig. C-4, Series 23-46, gives another indica- 
tion of the effect of change in relative strength on the actual strength of 
the over-sanded mixtures. In this case the strengths were obtained by 
increasing the cement content instead of by age. The age of test (28 days) 
is such that minimum changes would be expected. This figure also shows 
the effect of the gradation of coarse aggregate on the rate of change in 
both actual and relative strengths. It will be noted that the lower fine- 
coarse aggregate ratio tends to produce the stronger concrete as the actual 
strength of all mixtures is increased either by age or higher cement con- 
tent. They indicate that for highest ultimate strength, the lower ratios 
of fine to coarse aggregate are more desirable. Also that the smaller 
gradations are more desirable for highest strength. 


RESISTANCE TO IMPACT. 


Figs. E-1 and E-2 contain the results of impact tests on concrete. The 
data are taken from Series 23-56 and 23-110. In Fig. E-1 are platted the 
_ results of impact tests of concrete containing two types of aggregates, each 
of three different sizes. It will be noted that the same general relation is 
found between the different sizes of coarse aggregate as is determined in the 
compression tests. This relation, as indicated by given test conditions, is 
platted in Fig. F-1. The compression tests, containing 30 per cent of 
cement are taken from Series 23-100 and those containing 25 per cent of 
cement are taken from Series 23-106. The effect of cement on the resist- 
ance to impact of concrete is given in Fig. H-2 (Series 23-56). In Fig. F-2 
is the relation between the compressive strength and resistance to impact 
found by Series 23-110. 
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COMPRESSIVE TEST RESULTS. 


In Figs. D-i, D-2, D-8, D-4, D-5 and D-6 are platted the actual and 
relative compressive strengths secured by variation in the cement content, 
size, and gradation of coarse aggregate, as indicated by tests at different 
ages up to one year. The data are obtained from Series 23-100, 23-106, 
and 23-56. 

Fig. D-1 contains the relative strengths of concrete made from 21 
gradations of coarse aggregate containing a given cement content and 
tested at the one-year period. The gradations were selected with definite 
relation to each other on a trilinear chart basis. The tests at earlier ages 
in this investigation indicated but slightly the effect of gradation of coarse 
aggregate upon the ultimate strength of the concrete. The changes in rela- 
tive strength are so great that the early tests may be misleading in respect 
to the ultimate strength as indicated by tests at the one-year period. An 
example of this is given in lig. D-2. In this figure four assorted gradations 
from large to small, from the 21 gradations originally used in series 23-106, 
are selected to bring out the predominance of the smaller size of coarse 
aggregate on the basis of ultimate compressive strength. This figure is 
with reference to the change in relative strength of concrete having a given 
cement content (25 per cent). 

Changes in relative strength with variation of the cement content and 
the coarse aggregate constant are given in Fig. D-3. (Series 23-110). 
While these data contain concretes of two ratios of fine to coarse aggregate, 
which in themselves affect the difference in relative strength, the points 
on the curve, when platted with reference to the respective cement contents, 
fall sufficiently in line with each other to allow deductions to be made. 
Fig. C-3 also shows this relation when the average of all gradations of 
coarse aggregates is taken for the basis of platting (Series 23-100). The 
extremes encountered under the given conditions of test are platted in Fig. 
D-4. The relation of the several sizes of coarse aggregates and different 
cement contents, with reference to the effect of relative strength on the 
actual strength, is given in Fig. D-5. The definite tendency to bring out 
the importance of the smaller sizes for highest strength is again brought 
out in Fig. D-6 (Series 25-56) in which, as in Fig. C-4, the tests were 
made at the early age and additional cement was used to develop the 
actual strength of the concrete. 


VARIATION IN TYPES OF COARSE AGGREGATE. 


In Fig. D-8 the average values of tests of different types of coarse 
aggregate are charted. They consist of compression and toughness (Page 
Impact) tests of the coarse aggregate and the same of concrete containing 
25 per cent (by volume) cement, in which the different types of coarse 
aggregate were used. The results should not be interpreted literally re- 
garding type, as the variation of individual aggregates in each type is 
sufficient to cause a range considerably greater than the margin between 
the different types of aggregate. They are intended only to bring out the 
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fact that such difference appears to exist between types of coarse aggregate 
and that this difference is not detected at early ages in normal concrete 
mixtures by the compression test. 

For convenience, alone, the groups are divided as follows: 


1. Copper smelter slag 

2. Relatively soft marl 

3. Partly decomposed granite containing excess of biotite 
4. Average of all gravels used 

5. Average of all blast-furnace slags 

6. Average of all limestones 

7. One average granite 

8. Average of trap rock and extremely hard quartzite 

9. Cement clinker 


It may be noted that the average of all toughness (Page Impact) 
tests of the aggregate are fairly consistent with the average results secured 
by the impact tests of concrete containing them. 

In order to determine the actual value of different types of aggregate 
in concrete it would be necessary to make the longer time tests of each 
particular kind of aggregate in the proportions of mixture proposed for 
use. There is the possibility of an accelerated test being developed, in 
compression, by the use of greater cement content and smaller size of 
coarse aggregate to furnish the desired indications. The impact test at 
the earlier ages indicates a greater difference in coarse aggregates than 
the compression tests. 

Although crushed granite was used in most of the investigational 
work, it was compared with gravel in a few of the investigations. These 
tests were made at the twenty-eight day period only. Fig. D-7 is typical 
of the results secured. 


APPLICATION. 


To a certain extent, the foregoing work is typical in character. It 
illustrates the action of cement and coarse aggregate only. Several thou- 
sand specimens of mortars, including tension, compression, and transverse 
tests, are available for analysis but the results would be too voluminous 
for inclusion in this paper. 

The conclusions from this paper appear to explain reasons for the 
variation encountered in field concrete, such as are caused by inaccurate 
proportioning of the aggregates and cement. The results secured, with 
reference to the effect of the larger sizes of coarse aggregate, are con- 
sistent with test results of cores taken from several hundred miles of con- 
crete pavement. The effect of type of aggregate is many times apparent 
from both observation of such construction where different types are ac- 
cepted and used under the same specification, as well as by careful records 
of such by means of crack surveys, etc. 

It is not the intent to recommend that the smallest size of coarse 
aggregate be used arbitrarily. To do this, in order to develop the highest 
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strength, will necessarily increase the cost of not only the aggregate, but 
also that of the cement, as more will be necessary to obtain a balanced 
mixture. It also does not mean that the cement content should be kept at 
the minimum. An increase in the cement content of normal mixtures will 
many times allow a constant quality of concrete to be obtained with less 
expensive aggregate; and also in proportion to its cost may be an economic 
way of increasing quality. The principle is to balance the mixture in order 
that the highest quality in concrete will be secured economically with a 
given amount of cement and aggregate. 

By the use of a suitable method for proportioning the aggregate sci- 
entifically, and obtain an economic balance between the size and gradation 
of the aggregate, and the cement content, a decrease in actual cost may be 
accompanied by an increase in quality and uniformity of the finished 
concrete. 

Such a method, designed to produce a mixture containing a definite 
quantity of cement and each size of aggregate to make a given volume of 
concrete, of a given consistency, will eliminate such variations as usually 
occur. It will eliminate difficulties encountered by present methods from 
the bulking of fine aggregate due to moisture, segregation of coarse aggre- 
gate in stockpiles, etc., or other causes for variation in quality and cost, 
all of which have considerable effect on economic concrete. 
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FIG. C-1.—CURVES SHOWING THE HIGHER ACTUAL STRENGTHS OF THE 
OVER-SANDED MIXTURES AT THE EARLIER AGE AND THE RELATIVE LOSS IN 
STRENGTH AT THE LATER AGE. 
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FIG. C-3.—CURVES SHOWING THE AVERAGE EFFECT OF CEMENT ON THE 
RELATIVE STRENGTH OF CONCRETE. EACH CURVE IS THE AVERAGE OF GIVEN 
CEMENT CONTENT AND ALL GRADATIONS OF COARSE AGGREGATE, 
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FIG. C-4.—CURVES SHOWING THE EFFECT OF DIFFERENT CEMENT CON- 
TENTS ON THE COMPRESSIVE STRENGTH OF CONCRETES CONTAINING DIFFERENT 
SIZES OF COARSE AGGREGATES AND DIFFERENT RATIOS OF FINY TO COARSE 
AGGREGATE. 


Note the greater effecl in the smaller size of coarse aggregate. 
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FIG. D-1.—TRILINEAR CHART SHOWING RELATIVE COMPRESSIVE STRENGTH 


OF CONCRETE CONTAINING DIFFERENT GRADATIONS OF COARSE AGGREGATE AT 
THE AGE OF ONE YEAR. 


Cement content 25%, and ratio of fine to coarse aggregate 1:2. Note the gen- 
eral increase in strength as the size of the coarse aggregate decreases. 
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Age of Concrete (Log. Sca/e) 
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FIG. D-2.—CURVES SHOWING THE RELATIVE COMPRESSIVE STRENGTH OF 
CONCRETE CONTAINING GIVEN CEMENT CONTENT AND FOUR ASSORTED GRADA- 
TIONS OF COARSE AGGREGATE. 


Showing the greater relative increase in strength of the smaller sizes as the 
concrete increases in actual strength. 
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FIG. D-3.—CURVES SHOWING THE EFFECT OF CEMENT ON THE RELATIVE 
INCREASE IN COMPRESSIVE STRENGTH WITH AGE, OF CONCRETE CONTAINING 
GIVEN SIZE OF COARSE AGGREGATE. 
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FIG. D-4.—CURVES SHOWING THE EXTREMES ENCOUNTERED IN RELATIVE 
STRENGTHS OF CONCRETE MIXTURES WITH COMBINED ACTION OF CEMENT CON- 
TENT AND COARSE AGGREGATE GRADATION,. 
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FIG. D-5.—CURVES SHOWING THE EFFECT OF CHANGES IN RELATIVE 
STRENGTH ON THE ACTUAL STRENGTH OF CONCRETE MIXTURES OF VARIOUS 
AGGREGATE GRADATIONS AND CEMENT CONTENTS (SERIES 23-100). 
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FIG. D-6.—CURVES SHOWING THE CHANGES IN THE ACTUAL COMPRESSIVE 
STRENGTH OF CONCRETE CONTAINING VARIOUS SIZES OF COARSE AGGREGATE 
WITH VARIATION IN CEMENT CONTENT. 
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FIG. D-7,.-CURVES SHOWING THE EFFECT OF VARIATION IN CEMENT CON- 
TENT ON THE ACTUAL STRENGTH OF CONCRETE MIXTURES CONTAINING TWO 
TYPES (CRUSHED GRANITE AND GRAVEL) AND THREE SIZES OF COARSE AGGRE- 
GATE. 


Note the points cross at lower points as the size of the coarse aggregate 
increases, 
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FIG. D-8.—CHART SHOWING THE AVERAGE RESULTS SECURED BY DIFFERENT 
TYPES OF COARSE AGGREGATE BY IMPACT AND COMPRESSION TESTS, BOTH SEP- 


ARATELY AND IN CONCRETE, 
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FIG. E-1.—CURVES SHOWING THE EFFECT oF IMPACT ON CONCRETE MIX- 
TURES CONTAINING TWO TYPES OF COARSE AGGREGATE (CRUSHED GRANITE AND 
GRAVEL) OF THREE DIFFERENT SIZES. 
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FIG. E-2.—CURVES SHOWING THE EFFECT OF CEMENT ON THE RESISTANCE 
TO IMPACT OF CONCRETE CONTAINING DIFFERENT GRADATIONS OF COARSE 
AGGREGATE, 


PROPORTIONING CONCRETE MATERIALS. 


172 


al AE 


ge ie 


. 


iH | : i i EE EEE EE 
AH Ee 


: ee 
A oe 


EURESEREEE 
EESES 
petit 
WBtetiieee 


SEERR SERED 
SEEGRESEES 
Saray ase 
as Oa Y-110i 
‘seara {2Ek? 
mR 
SURSEESERR 
SEER RERES 
SSE 
EESEEEREES 
REREREREES 
EERERERESE 
ERERREEEES 
TURES EEEES 
TSREREBREE 
RESUEEREEE 
SESESERERE 
EREEUEERES SERPS 
SEBSSEEESES 
SEaEaEEE.S 
pepe gay 
QUEEF tI) 4 bee 
sage ee 
Be 
SURE ESERR GEES 
vy aannannnen ser 
APL per titi is 
pauses; ¢ 
| eReear Tt. 
ye Be 
nt 
Lag 2 
Sere 
&4 
casSunEEaEGEEL 
4EURESEESSS 
pecestestry 
pet eeeeiy et 
ENESE SBEESEGET 
TREES EUSEE 
ESSER EREES EES 
EREUEESEEE 
EESERUSGEE 
EREEGEEEEE EEE 
ESEERESEED 
EEEEE SERED REE 
ERSRRSEEES 
EESGEESEER Ema. 
EREREGEERE 
ERERREEEEE 
EEEREERHEE 
EREEUREDSS 
SERENE SSSR 
SERED RSSEE 
GREER ESEEE 
ptr eperert 
EREEREDEEE 
REDE EREEE 
EEEERESRES 
ESEERERUER 
EREESESEEE 
EREERESEER 
ESSERE ESEED 
TERERUESSE 
TRUSESSEUE 
ESESREGEED 
SQRSREEETE 
EEREESERER 
EEREEEEEED 
SEUREEERESR 
Pee eee 
ESEER UBER 
Tenaannene 
TREREEERES 
ERERGEEEEE 
EREEREREDS 


2 


Seg, oud (YIU be 4ed spuno,/ ) “uabue INS SASMMOD 


aM | i 
ce EE ATE Hie tet i 


+ 


Tal 
iC See LS LOR) ©. 


BETWEEN IMPACT AND 


SHOWING TYPICAL RELATION 


F-1.—CURVES 


FIG. 


CONCRETE MIXTURES, 


COMPRESSIVE TESTS OF 


PROPORTIONING CONCRETE MATERIALS. 173 


NUMBER OF IMPACT BLOWS REQUIRE! 
nee ao 200 Sore ha D FOR, Deen 


4000 = 


cry 
S 
° 


STRENGTH (POUNDS PER SQ. IN.) 


2000 


COMPRESSIVE 


100 I 


0 


FIG. F-2.—CURVE SHOWING THE RELATION BETWEEN COMPRESSIVE 
STRENGTH AND THE RESISTANCE TO IMPACT OF VARIOUS ARBITRARILY PRO- 
PORTIONED CONCRETE MIXTURES. 
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TABLE OF GRADATIONS OF CoaRsE AGGREGATE—SERIES 23-100 
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Ratio Fine to Coarse Aggregate = 2:31% (by volume) 


GraDation No. 34-84 in. 34-114 in. 1144-214 in. Total 
Lene ee eee 100 a 100 
Petes Peo AME 82 100 ty 100 
eS tole. aloo pecuanci os ana a oe 100. 100 
LSE OR RS eis soa 33144 33144 3314 100 
Disc gan epee capt tren Wake ES, SO 50 50 nits 100 
Cay ee ee eee ee 4. 50 50 100 
Gh a aneNte Sorin ra Secs 3 50 50 100 

Compressive Tests or Concrete—Serrirs 23-100 
7 Days 28 Days 3 Mos. 1 Year 
Gradation Percent Lb. sq. Lb. sq. Lb. sq. Lb. sq. 

Number Cement in. Rel. in. Rel. in‘ Rel. in. Rel. 
See 20 1057 100 L720. 163 1866 177 =. 2269 215 
een ee 20 798 100 1469 184 iol 219 2462 309 
Opt Re 20 1228 100 1965 GOT 2247, 183 2476 202 
Ae Baek 20 1073 100 1915 178 6163 202 2584 241 
Pes ea 20 987 100 W775 180 2118 215 2640 267 
Doe 20 1050 100 i Ro: 5) 2221 212 2686 256 
Wee ee: 20 1317 100 2190 166 2513 191 2719 206 
Sere 25 1593 100 2472 155-2515 158 2775 174 
abn cope 30 1717 100 2598 151 2696 157 = 2901 169 
Leer: 25 1445 100 2479 172 =. 2855 198 3257 225 
Opn ane 25 1827 100 2902 159 3076 168 3293 180 
YF aia 25 1833 100 2907 159 3341 182 3348 183 
te on nee 25 1823 100 2882 l5SeOaD 176 ~=. 8401 187 
Die ee, 25 1695 100 2823 167 3030 179 3466 204 
Di pene 25 1883 100 §=3129 171 3444 188 3678 201 
Dre Soh 380 ©2158 100 = 8341 iis) ateylil 163 3944 183 
Lexa 30 §=62314 100 3452 149 3788 164 4107 177 
Decpeeee 30 2445 100 3619 148 3940 160 4299 176 
Onpes te 1023106) 100 3584 153 =. 3663 159 4812 187 
2 EWG, Pe 30 2445 100 3 9338751 153 4159 LO 4328 177 
Lee cene 30 ©2255 100 3467 154 3940 175 4400 195 
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TABLE OF GRADATIONS OF CoaRSE AGGREGATE—SERIES 23-106 


Ratio Fine to Coarse Aggregate = 1:2 (by volume) 25 per cent Cement (by 
Dry Volume) 


Grapation No. 34-34 in. 34-114 in. 1144-244 in. Total 
REA ere. e ase PO) 00 100 100 
os, eg lie S rte oe SS een 00 20 80 100 
Bs, SEN RMS Sage Steere oie 20 00 80 100 
PACE Spd bot ee nat, 00 40 60 100 
Ze eles Bice ee aes am 20 20 60 100 
OS orton ee ets er ae 40 00 60 100 
Le ea SOA ENE STURT 00 60 40 100 
SS ie tal cco) TORS Oe re 20 40 40 100 
ONE Ny Sito: Mea A eae Ay 40 20 40 100 
OS Ses ees on a oO 60 00 40 100 
A Sethe tre cer eaten ee 00 80 20 100 
Dee eR Rt RR kong: 205 60 20 100 
LESS 6 RES 8 Sin ee eae 40, 40 20 100 
zs Teak, MOE cet Oca ow peer cies 60 20 20 100 
IP ir ie ee ed one Ab tees aes 80 00 20 100 
Gen aire ahetn tee oe 00 100 00 100 
U7 Oe SWS OA eer ke 20 80 00 100 
See ie ik pn ta 40 60 00 100 
Ne et 0 iat Sete tee ene 60 40 00 100 
PAV EEL Ie feel Seen mr 80 20 00 100 
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CoMPRESSIVE TESTS OF CoNCRETE—SERIES 23-106 
; 7 Days 28 Days. 3 Mos. 1 YEAR 
Gradation Lb. sq. Lb. sq’ Lb. sq. Lb. sq. 
Number in. Rel. in. Rel. in. Rel. in. Rel. 
Srey aes 1470 100 2058 140 2153 146 2416 164 
abe Mees 1623" “1009 2242138 825406 el oven osu 
Bs notte 1610 100 2201 137 2611 162 2940 183 
Omer 1808 100" 2467" 136) 2568) 1423017 Ge 
Ui orae 1918 100 2750 143 3009 157 3076 #160 
ewes a 1732 100 25838 149 2859 165 3291 190 
Diet dcor 1789 100 2680 147 2871 160 3314 # 185 
Soh es 1764 100 2462 140 3032 172 3318 188 
ZO) eon 1776 100 2678 151 3197 180 3357 189 
Laer es 1832 100 2842 155 38216 1/76 3455) 188 
LOS 1827 100 2520 1388 3104 170 3470 #190 
Itc 1788 100 2746 154 3192 ° 179 38515 197 
Saye 2026 100 2922 144 3344 165 3684 182 
Set a G 2118 100 30381 ~ 143° 33407 158" 3687) lve 
5 Ui Wales Pe 1967 100 2851 145 3102 158 3704 188 
he ae 1978 100 2839 144 3326 168 3735 189 
D1 ae 1858 100 2759 148 3099 167 3748 202 
CO wpe ccs 1994 100 2887 145 3304 166 3766 189 
A bsg, 1962 100 2864 146 3237 165- 3798 194 
LS sae. 2050 100 2903 * 142 3356 164 3840 187 
HAE eae Sy 2048 100 2888 141 38244 159 3914 192 
COMPRESSIVE AND Impact Trsts oF CONCRETE—SERIES 23-110 
Compression 
7 Days 28 Days 3 Mos. 1 Year Impact 
3 Mon. 
(No. blows 
No. sq. No. sq. No. sq. No. sq. or 
Mix in. Rel. in. Rel. in. Rel. in. Rel. fracture) 
133:6... 478 100 897 188 1111 232 1682 352 93 
125552 OO le LOOML238 187 81487 225 2108 319 106 
1:2:4... 1085 1007 1886 174-2223 205 2866 264 209 
1:2:34%. 1401 100 2483 173 = 2657 190 §=63214 229 201 
Lede LO6s = LOOM 2839 161 3049 173 =. 8798 215 361 
1:14:38. 1895 100 2888 150 3330 176 4028 213 391 
M48 Be, PENI, AKO) © BeBe! 158 3902 164 4271 180 456 
Nee 2ee 2077s LOO Rates 141 43812 145 5120 V2, 583 


DISCUSSION. 


STANTON WALKER.—Mr. Hutchinson’s paper may seem to contradict Mr. Walker. 


the general conclusions drawn from thousands of tests carried out at the 
Structural Materials Research Laboratory, with which I am associated, 
and at other laboratories. His tests indicate that coarse aggregates of 
relatively fine gradings produce higher strengths than those of coarse grad- 
ings, while our tests and many others, show the reverse of this to be 
generally true. 

However, from a close examination of the gradings of aggregate used 
by Mr. Hutchinson, it seems apparent that many of them, particularly the 
coarse ones, contained too little sand to produce a workable mix. These 
under-sanded mixtures probably gave relatively low strengths which would 
account for the failure of Mr. Hutchinson’s tests to check the results of 
other tests. If the aggregates in Series 23-106 are considered on the basis 
of fineness modulus it is found that about one-third of them give fineness 
moduli higher than would be expected to produce suitable workability for 
concrete containing 25 per cent of cement. Our tests show a rapid falling 
off in strength when aggregates too coarse for proper workability are 
used. Even those aggregates giving values lower than the upper limit of 
fineness modulus which should be permitted, were so coarse that, in our 
opinion, erratic results should be expected. 

Only the grading of the coarse aggregate is given in Mr. Hutchinson’s 
paper. The fineness moduli of the mixed aggregates were calculated on 
the assumption that an average sand of fineness modulus about 3.00 was 
used. 

The fineness modulus is a measure of the grading of aggregate cal- 
culated from the sieve analyses. The coarser the aggregate, the higher 
the fineness modulus. For a complete description of this function, see 
“Design of Concrete Mixtures,” Bulletin 1 of the Structural Materials Re- 
search Laboratory, Lewis Institute, Chicago. The maximum permissible 
values of fineness modulus for different mixtures and gradings of aggre- 
gate are given in Table 3 of this Bulletin. Aggregates having fineness 
moduli higher than these values are too coarse for proper workability. 


F. E. Ricrart—Mr. Hutchinson’s observations regarding the effect of 
the size of the coarse aggregate are substantiated to some degree by some 
tests conducted recently at the University of Illinois. A series of tests of 
the compressive strength of concrete mixtures taken from the table of pro- 
portions given in the report of the Joint Committee on Specifications 
for Concrete and Reinforced Concrete includes concretes made with three 
gradations of sand and three of coarse aggregate, three consistencies and 
three designed strengths. The coarse aggregates used were gravels of 
gradations designated as No. 4 to 34-in., No. 4 to 2-in., and %4 to 2-in. 
The principal feature of the tests was that the concrete made with the 
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first coarse aggregate gave unexpectedly high strengths, and that contain- 
ing the last, the % to 2-in. material, gave relatively low strengths. That 
is, this rather uniformly graded coarse aggregate, in which the particles 
were of large size and which had a high fineness modulus, gave low 
strengths, while of the better graded aggregates, the one having the smaller 
maximum size gave the best results. These unexpeeted variations in 
strength are not only variations from the designed strength, but also vari- 
ations to a marked degree from the curves expressing the relation between 
strength and water-cement ratio and voids-cement ratio. 

It would seem that the explanation might lie in the extent and condi- 
tion of the surface of the coarse aggregates. While all of the aggregates 
were from the same source, the surface moduli, in the order mentioned 
above were 1.27, 0.92, and 0.35, so that the coarse aggregate giving the 
least strength had only about one-fourth as much surface area as the one 
giving the highest strength. The strength of the concrete may also be 
affected by the extent of the bearing contact and interlocking between 
particles of coarse aggregate, in a way similar to that observed in the 
action of railway track ballast. 


W. A. Starer.—I am constrained to repeat a part of my discussion 
of day before yesterday on Mr. Watson’s paper. We have made tests of 
concrete which were similar, I think, to those which Prof. Richart refers 
to. The size of the coarse aggregate varied. We had No. 4 to % in., No. 
4 to 2 in., and % in. to 11% in., and we found the same results that Prof, 
Richart refers to, that the smaller coarse aggregate gave concrete with a 
higher strength than did the larger coarse aggregate, almost without ex- 
ception. We were puzzled until we examined them by the device I previ- 
ously mentioned of throwing out all the mixes in which the fine aggregate 
was less than half the coarse aggregate, and we found the rest lined up 
very well. The mixes which were thrown out were generally those using 
the larger coarse aggregate. In other words, I might say that we out- 
Walkered Walker; we got a little further down on the maximum fineness 
modulus than he proposes to go. If maximum fineness modulus were 
limited to a lower value than he has recommended the mixes using the 
larger coarse aggregates with the small sand content would not be per- 
‘mitted. Probably it was not the coarseness of the aggregate so much as 
the smallness of the sand content which caused the low strengths. 


Pror. RicHart.—I believe that some of the mixtures in which a very 
small proportion of sand was used did result’ in concrete of relatively low 
strength, however, I do not recall that these mixtures appeared particu- 
larly harsh or unworkable. Furthermore, the proportion of the 34 to 2-in. 
coarse aggregate used was very moderate, being roughly 0.65 to 0.80 cubic 
yard, measured loose, per cubic yard of concrete; an amount much less 
than that used with the No. 4 to 2-in. aggregate and somewhat more than 
that used with the No. 4 to %-in. aggregate. 
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Mr. Hurcuinson.—Time will not permit a lengthy discussion of Mr. Mr. Hutchinson. 
Walker’s calculations but I believe it would be desirable to correct any 
misunderstanding which might occur with reference to the statement re- 
garding the workability of the mixtures used. The leanest mixture in this 
work is equivalent to a normal laboratory 1: 2: 4 concrete and they ranged 
from this up to those richer than the normal 1: 114: 3 and included the 
so-called over-sanded mixtures. They were no less workable, therefore, 
than any mixtures being used in concrete paving and much more workable 
than those generally used for concrete foundation. 

We find from analyzing the results of cores drilled from up to 800 
miles of finished pavement and foundation construction, and tested at ages 
from three months to two years, that there is the same evidence of the 
coarse aggregate being the limiting factor in the maximum strength, as is 
indicated by the data given here. Segregated aggregate seems to be de- 
tected by the variation in field concrete which averages up to 100 per cent 
of the minimum strength. We know from observation that the coarse 
aggregate is segregated and when the smaller sizes compose that in the 
drilled specimens, the results of the investigations given here indicate it 
to be the reason for the higher strengths obtained. The higher limit for 
strength of the concrete in these cases appears to be dependent upon the 
strength of the cement itself. 


COEFFICIENT OF EXPANSION TESTS ON GUNITE. 
By M: O. FULLER.* 


The discussion of the coefficient of expansion of gunite, as compared 
with that of concrete, resulted in some testing being performed at the Fritz 
Engineering Laboratory, Lehigh University, Bethlehem, Pa. As far as is 
known, these were the first tests ever conducted to determine the coefficient 
of expansion on gunite. : 

The specimens used in making the determinations were rectangular 
pieces 8 in. x 12 in. x 114 in., which had been cut from a gunite slab. ‘The 
specimens were prepared for testing by drilling small holes near each end 
of the center line of the 8 in. x 2 in. face and into these holes were set very 
fine needle points cemented in place by a special mixture composed of one 
part silica cement and three parts donken clay. A specially-constructed 
electric furnace of the multiple-unit type was used in these tests. The 
following description of this furnace, and the photograph, will enable the 
reader to understand the operation of the furnace. 

The outside dimensions of the body of the furnace measure 18 in. long, 
10 in. wide and 6 in. high. It is supported by legs 3 in. high at the four 
corners. The cover or top, marked #’, in the photograph, was made of a 
porous heat insulating material about 2 in. thick. Through the cover are 
two openings 8 in. long—one for the admission of light and the other for 
sighting on the specimen with a telescope while heating without removing 
the entire top. The photograph shows clearly the top and the small por- 
celain covers for the openings which are removed whenever observations 
are to be made. The walls are of the same porous material as the top, 
2 in. thick and entirely covered with sheet iron. The bottom is covered 
with a slab of compressed asbestos. The interior space in which the speci- 
mens were placed for heating is 4 in. x 3 in. x 12 in., and the walls and 
bottom are made of unglazed porcelain. The furnace is of the multiple- 
unit resistance type, the coils being located in the bottom and walls of the 
furnace. The heating units are replaceable and this particular furnace oper- 
ates at 250 volts, 6.6 amperes, and a maximum temperature of 1,850 
deg. F. The current is introduced to the furnace by means of a plug con- 
nection in the bottom near the front. Attached to one of the side walls 
of the furnace are a pair of brackets supporting two vertical posts marked 
D, which in turn carry two horizontal screws for moving the telescope in 
a horizontal direction by means of thumb screws at A. The telescopes can 
be raised or lowered by means of screws marked C. 


* Fritz Engineering Laboratory, Lehigh University, Bethlehem, Pa. 
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The device for taking actual measurement of the expansion is attached 
to the telescope just below the eyepiece and cunsists of one stationary ver- 
tical cross-hair in the center of the field, a pair of movable vertical cross- 
hairs and a fixed horizontal cross-hair. The pair of vertical cross-hairs are 
moved over notched scales by means of thumb screws at B. These thumb 
screws at B have micrometer scales, each in turn of which corresponds to 
one of the small divisions on the notched scale. The value of each of 
these small divisions was determined to be equal to 0.01 in. The circular 
micrometer scale is divided into 100 equal parts, thus allowing an actual 
reading of 0.0001 in. and an estimated reading of one-tenth of that or 
0.00001 in. After the stationary vertical cross-hairs have been adjusted to 
the needle points of the specimen by means of the screws at A, they remain 
in that position throughout the test. The elongation is measured entirely 
by the notched scale and micrometer screw. 

In one end of the furnace is a small hole through which a platinum- 
rhodium thermo-couple, encased in a quartz glass tubing, was inserted for 
determining the temperature. This thermo-couple was connected to a porta- 
ble pyrometer with a calibrated temperature scale reading in degrees C. 

In order to insure free motion of the expanding specimen, it was placed 
on two supports on the furnace bottom, one round and one square, placed 
so as to insure as far as possible an expansion at both ends and also to 
decrease to a minimum any stress in the specimen due to its own weight. 
To facilitate the placing of the specimen at the beginning of each test, a 
plane was established in which the needle points were always placed and 
parallel to which plane the horizontal cross-hairs were always adjusted. 

After allowing sufficient time for the setting of the cement holding the 
needle points, a specimen was placed in the furnace, the distance between 
the needle points accurately measured, the telescopes adjusted and the 
room temperature recorded. The current was then turned on and after a 
short period of time, to insure equal distribution of heat throughout, vari- 
ous observations were made of the expansion, temperature readings being 
taken simultaneously with the readings of the two telescopes. 

The following table gives the results obtained on five specimens of 


gunite: 
Coefficient 
Highest Mean of Two of Expansion 
Original Room Temperature Telescopic per degree F’. 
Specimen Length, Temperature, Recorded, Difference in Readings, for Tempera- 
No. inches degrees F. degrees F. Temperature inches ture Given 
an a ERS 6.05 57 1098 1041 0.04120 0.00000654 
J NE rte 5.53 60 970 910 0.03220 0.00000644 
Set vaventiws: 5.32 60 1234 1174 0.04020 0.00000643 
7 UC OM ee 6.03 60 1198 1138 0.04390 0.00000641 


ie hana beta 5.83 60 1297 1237 0.04637 0.00000643 
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FURNACE USED IN COEFFICIENT OF EXPANSION TESTS ON GUNITE. 


Nores oN Concrete Foor Frise. 
By E. 5. Davis.* 


When I was invited a few weeks ago by our secretary and treasurer, 
Harvey Whipple, to submit a paper on a general topic of “Floors,” I 
hesitated to accept it because it seems to me that the discussion of floors 
is a subject which covers about as much territory as such subjects as 
water, transportation and some of the other general topics that we see 
and read so much about every day. 

For instance, floors may be divided into approximately eighteen differ- 
ent groups based on that physical property of the floor which classifies 
it as an acid-resistant floor, an alkali-resistant floor, as a thermal insulator, 
as a fire-resistant medium, etc. Then, also, there are some eighteen build- 
ing materials of major importance used in the construction of various 
types of floors. Obviously, it would take hours to attempt to give a de- 
tailed discussion of floors. We manufacture and install many different 
kinds of floors, but for the present I will confine this paper to a more or 
less general discussion of cement floors. 

In the first place, there ig no question but that the floors in a building 
play a large part in determining the real value of the building. When one 
inspects a building, whether it be for a home, a garage, an office, or factory, 
with the purpose of purchasing or renting it, one of the first things ex- 
amined on the interior is the floors, and yet I dare say that not until the 
advent of the American Concrete Institute and the interest shown of late 
by the Portland Cement Association did any one give the subject of floors 
anything like the real consideration that it deserves. Good floors are an 
asset to any building and bad floors are certainly a detriment. 

It is generally expected that the roof of a building must be watertight, 
that the walls, foundations, etc., must be constructed according to the 
very best engineering practice, and these are usually inspected and 
approved by the city building departments. It surely would have been 
to the interest of many owners and tenants had some such building inspec- 
tion department had something to do with the floor installation; for that 
part of the building that materially determines its worth, is done in many 
instances with the most careless and haphazard manner. 

: Now who is to blame for this, the owner, the architect, the contractor, 
or the cement worker? 

Before answering that question, let us trace the consideration of a floor 
from its earliest conception in the mind of the architect, through the actual 
work done by the contractor, down to the final acceptance by the owner. 
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The owner conceives his idea of a floor, he tells the architect who 
incorporates the owner’s ideas with his own experience and writes his 
specifications for the floor. Later, when it is found that the estimate for 
the entire building is too high, the owner and architect begin figuring 
where ‘the expense can be curtailed without, as they think, materially dam- 
aging the general scheme of the building. The floor, unfortunately, is one 
of the first victims of a sharp-pointed pencil. After the contract is let 
the contractor falls victim to this economical disease and he starts in on 
the floors. He feels that there is no use of his employing high-class cement 
finishers at a high overtime hourly rate to finish the floors properly 
when the owner, by his false idea of economy apparently does not attach 
much significance to the floors, so long as they are floors. The consequence 
of this is a poor floor and a decrease in value of the property. The next 
time the owner puts up a building, or another client consults this architect, 
cement floors are discouraged and other types of floors are used even though 
they may not prove as satisfactory as was anticipated. This fault of floor 
failures is due perhaps to the general apathy of many builders and also 
no doubt to their lack of knowledge of the many elements which enter 
into cement floor finish. 

Now let us consider the actual construction of cement floors. Many 
specifications and methods now employed, I think, are wholly wrong, yet 
they are still quite extensively employed, due usually, I suppose, to tradi- 
tion, for it seems to me that construction methods are quite generally the 
legacy of past generations and it is difficult for many to divorce them- 
selves from habit and custom and adopt the more advanced ideas and 
formulas in their procedure. 

There are three main materials that go into the construction of a 
cement floor, namely, cement, aggregate and water. 

Cement.—Cement used should meet the current standard specifications 
for portland cement adopted by the American Society for Testing Materials. 

Water—Water should be clean, free from oil, acid, alkali and foreign 
matter. A safe rule for mixing concrete is to use only water that is suit- 
able to drink. 

Aggregate-—Now we get to that part of the floor mixture which 
should require a considerable amount of attention, for, after all, it is the 
aggregate that must resist the wear. Most of you are familiar with the 
requirements for aggregates for floor work, as set forth in the Tentative 
Specifications for Concrete Floors of the American Concrete Institute. 1 
will not take the time to read these specifications, but would suggest that 
those interested obtain a copy and look them over. There is a very wide 
range in the quality of aggregates. The sand, I dare say, is dissimilar in 
every section of the country. I have had a wide experience in using sand 
in different cities and find that the mixture of cement, the method of 
mixing, as well as the other aggregates, had to be changed materially to 
meet each condition. In some localities the sand is entirely unfit for finish 
cement floor use, due to the high percentage of loam, clay or decayed 
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vegetable matter. Then, again, to many it may seem that if the sand is 
clean it is all right, but in addition it must be sharp, irregular in shape, 
in order to present to its neighbor in the mixture as many points of 
cleavage as possible. The round silica sand frequently found in lakes and 
rivers may be faultlessly clean, yet the smooth surface does not lend itself 
to good cement floor topping. The same general analysis should be given 
the stone or coarser particles of the mixture. 

After selecting the cement, water and aggregate, the next important 
subject is to determine the mix to be used. This necessarily depends upon 
the size and nature of the aggregate. The proper mixture to be used can 
be easily arrived at by using the results of a sieve analysis. I find that 
very good results can be obtained if we use a mixture of one part cement, 
one-half part sand, and one and one-half parts clean, coarse aggregate, 
ranging in size from 4 to % in. If such an aggregate that is very irregu- 
lar in shape is used in sufficient quantity to allow a minimum space between 
each piece and this space filled with sharp, hard particles of sand each of 
which is coated with a fine film of cement, we will secure a very dense, 
hard, wearing surface. We, in this manner, employ the cement only for its 
cementitious value and nothing else. We have experimented with different 
methods of mixing, using a rotary concrete mixer. We have first thor- 
oughly mixed the water and cement, then deposited the aggregate slowly. 
In this way I believe we thoroughly hydrate the cement before it comes 
in contact with the sand and stone so that each particle of cement will 
function as intended. 

Excess water always has its disastrous effects. Excess water in the 
mixture means voids and minute hair cracks, both of which later con- 
tribute to the early disintegration of the floor. After this mixture is 
deposited on the structural floor slab, it is very necessary to compact it. 
This is done by rolling, floating and trowelling. By rolling I mean the 
compacting of the top surface, binding together as tight as possible the 
entire mass so that the surplus water and foreign matter that might be in 
the mixture is brought to the surface. This should then be floated with a 
side float, bringing to the surface a sufficient amount of cement to insure 
a smooth surface when it is trowelled. The trowelling is not done until 
the surface has dried to the proper consistency and then it is trowelled 
three or four times before the surface gets too hard. In this manner a 
very smooth glassy surface is obtained. Very good results have been 
secured by grinding the surface instead of trowelling. In other words, the 
topping is rolled and floated, producing a comparatively level surface which 
is allowed to harden. It is then ground with a rotary machine equipped 
with coarse carborundum stones. When the surface is smooth it may be 
polished with a finer grade carborundum stone similar to the process em- 
ployed in grinding terrazzo floors. 

Even though the best materials be used and the greatest care is exer- 
cised in mixing and placing, this all can be undone if the cement finishers 
are not skilled. I believe of all the work done on a building there is no 
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part that requires as much skill, patience and experience as trowelling 
a cement floor. The human element plays a very important part in cement 
finishing, particularly since the greater part of the actual trowelling is 
done at night when supervision is harder to maintain and it is vital that 
patient, honest mechanics be employed who will carry on the work as it 
should be done. 

There are several methods of applying a wearing surface with which 
all of you no doubt are familiar. The topping can be mixed with the least 
amount of water possible and applied on the structural concrete slab 
shortly after it has been poured, or it may be applied later after the con- 
crete has set and hardened. If the latter method is employed, the same 
or greater care used in mixing, ete., should be given the preparation of the 
surface to which the topping is to be applied. Another method which we 
apply very extensively is the application of a dry mixture of cement and 
aggregate deposited on the structural slab as soon as it is levelled off and 
while it is still very wet. In this method we depend upon the water in 
the concrete slab to mix with our dry mixture and hydrate the cement. 
The thickness of this mixture varies from %4 to % in., depending largely 
upon the consistency of the concrete to which it is applied. We believe 
we can, in this manner, secure a more economical installation and one 
that will be a true, homogeneous mass and thereby eliminate one of the 
great causes for failures—the topping cracking and coming loose from 
the structural slab. We have used all of these methods with a moderate 
degree of success and prefer the latter because we can go over the work 
quicker and speed up the job and are certain of securing a surface that 
will not cause trouble later on. 

Another important factor in floor failures is the presence of laitance. 
In some mixtures and localities this is more apparent than in others 
and unless some provision is made for its removal, serious results are 
bound to occur. 

I have often been asked why cement finish floors craze and I have 
said as many times that I did not know. However, crazing is not applica- 
ble to floors alone, for we see it on almost every concrete surface. My 
opinion is that this condition is more apparent where there is an excess 
amount of water used. I have always insisted that a floor, as soon as it is 
trowelled, should be covered with sand, sawdust or something of that kind, 
and then kept for a week or more, depending on the weather. This allows 
the concrete to dry slowly and thoroughly mature, and, in addition, it 
protects the surface from abrasion, but I am not so certain but what this 
contributes somewhat to the crazing. 

The matter of air circulation is another item to consider. Obviously, 
on outside work we usually have more circulation than we need, but on 
inside work some provision should be made for this. 

We hear a great deal about so-called “after treatment” of floors by 
means of which it is claimed by some that an application of a liquid or 
other preparation will produce from a disintegrating floor a very hard, 
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non-abrasive surface. There is no question but that this aids in retarding 
disintegration of a cement floor, but it is dowbtful whether it will entirely 
correct it. I am not at all trying to discourage the use of a surface 
treatment for a finish cement floor, for in many cases the building or cer- 
tain sections of it are used for the manufacturing or storage of chemicals, 
acids, or other materials having very injurious effect upon the cement, 
and unless some such treatments are given a floor, its early failure will 
result. However, I believe it is a serious mistake to attempt to save in 
the actual building of a cement finish floor with the idea that a surface 
treatment of some chemical can be applied at a much less cost and will give 
the same results. There have been offered on the market of late materials 
that are designed to accelerate the setting and hardening of cement. We 
have not had a great deal of experience in using these so-called accelerators. 
We believe that the manufacturers of cement point to the fact that their 
product sets and hardens in just the right length of time required for it 
to attain its maximum strength, yet I believe in many instances the use 
of accelerators is beneficial. 

It will not be long, I am sure, before this all important question of 
floors is given the study and consideration that it really merits and cement 
floors of varied colors, patterns, designs, etc., will be quite common-place. 
We must, however, enlist the services of our chemist in doing this, for 
it is not an easy matter to combine colors with cement and water in such 
a way that the wearing qualities and strength of the cement are not affected. 

The safety factor, that is a non-slip cement surface, is another item 
that can be greatly improved and while we are now using carborundum 
with splendid success, yet sidewalks, entrances and outside surfaces of this 
kind certainly should have some surface treatment which would tend to 
increase the safety factor. 

I will sum up the points in this paper which I wish to emphasize: 

1. That the floors in a building structure are a real asset to the 

value of the property. 

2. That there is a great tendency on the part of all concerned to put 
in floors just as cheaply as possible without regard to their lasting 
qualities and with little, if any, regard for that branch of the 
industry in which we are all interested. 

3. That in the consideration of floors only the ordinary precaution 
of proper selections of aggregates, correct mixing, sufficient curing 
and conscientious finishing are necessary to obtain an acceptable 
job. 


4, That no kind of after treatments will compensate for a poor job. 


CentTRAL M1x1Inac PLANTS FoR THE MANUFACTURE OF PREMIXED 
CONCRETE. 


By W. E. Harr.* 


The establishment of central plants for the production of ready-mixed 
concrete was suggested by the successful operation of similar plants for 
concrete highway paving. Mixed concrete from such plants is frequently 
hauled four or five miles with satisfactory results. With this in mind it 
is natural that progressive material dealers should recognize the possi- 
bilities for the sale of ready-mixed concrete, as well as the sale of the raw 
materials. y 

Advantages of Central Mixing—The operation of central plants on 
large construction jobs brought out a number of advantages which factory 
production has over hand work and which large permanent plants have 
over small temporary field plants. Materials can be handled by machinery 
from the time they leave the cars until they are delivered to the trucks 
as mixed concrete. This decreases the amount of hand labor required and 
economizes in the number of times the materials must be handled. 

All measurement of materials and operations of the mixer can be 
handled by one or two men in a properly designed and equipped plant, 
while several men would be required in the field. The operator soon 
becomes more skilled and capable of producing a better and more uniform 
quality of conerete than the average field operator. A properly equipped 
central plant also is generally capable of measuring materials more 
accurately and obtaining more uniform proportions than field plants. 

Other obvious advantages of a central plant are that it would elimi- 
nate the expense of moving field-mixing equipment from one job to another; 
release the crew required to feed the mixer for use on other work; make 
the space usually occupied by the mixer and concrete materials available 
for other uses; and prevent the waste of cement, aggregates and sacks 
common to field work. 

Limitations.—Experience indicates that in the face of these apparent 
advantages central mixing plants have a number of limitations and dis- 
advantages which are not common to field plants. The use of ready-mixed 
concrete is limited to work where stiff mixtures can be employed. Con- 
crete of a consistency like that generally used in reinforced work has a 
tendency to segregate when hauled a few blocks in a motor truck. The 
water and fine materials float to the top, while the sand and coarse ma- 
terials compact into a solid mass at the bottom. When the truck is dumped 
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the water and fine materials flow out first, while the coarse materials 
hang in the truck until dug out with picks and shovels. Concrete in this 
condition is not suitable for use. 

A regular schedule of deliveries to a job must be maintained in order 
to prevent tying up the work and causing loss of time by the contractor’s 
force. This requires an ample number of trucks and the difficulties are 
increased by traffic delays when the route extends through congested dis- 
tricts with heavy street traffic. 

A considerable amount of capital is eed to build and properly 
equip a plant and keep it operating until business can be built up enough 
to make the operation profitable. The idea is new to most contractors and 
users of concrete and their prejudices and objections must be overcome 
before the volume of business can become large enough to show a profit. 
Contractors have money invested in mixing equipment and would not. be 
justified in discarding their equipment until the success and field of ready- 
mixed concrete is established. 

Personnel and Plant.—The sizes of the crews used at the seven plants 
studied varied from eight to twelve men with the plants operating at 
capacity. In the plant operated by eight men the distribution was as 
follows: One superintendent, one operator for locomotive crane, one mixer 
operator, one feeding aggregate to bucket conveyor, one measuring agere- 
gates at mixer, one cleaning out material cars and two handling cement. 

The distribution of the twelye-man crew is as follows: One superin- 
tendent, one mixer operator, one measuring aggregates, two unloading 
cement from cars, two feeding cement to mixer, one switching cars with 
tractor, one derrick operator, one signal man, two cleaning cars. The full 
erew would be required only when the plant was operating at capacity. 
If operating intermittently a well-designed plant could be handled by 
three or four men, assuming that one of them was capable of handling a 
crane, hoist or mixer as occasion demanded. At such times the other 
members of the full crew could be employed in other work about the ma- 
terial yard. 

The plant should be so located, designed and equipped that it can be 
operated at full capacity with a minimum number of men. As these plants 
are ordinarily operated to best advantage by building material dealers, the 
plant should be erected in an established material yard. There should be 
ample trackage available for cars of sand, stone and cement so that there 
would be little danger of a shutdown caused by lack of materials. Pro- 
vision should be made for spotting loaded cars as desired without having 
to depend on a switching crew or hand-operated pinch bars. Some plants 
use gasoline tractors for this work, others use a power winch operating a 
cable direct to the cars or reeved through a system of blocks, while others 
are fortunate enough to have a locomotive crane or one mounted on 
crawler treads. Hither system is satisfactory and the choice will depend 
on local conditions and equipment available. 

Equipment should be provided to unload material rapidly with a 
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minimum of manual labor. A derrick or crane equipped with a clamshell 
bucket is probably the most commonly used. Under certain conditions a 
belt, bucket, or screw conveyor system can be used to advantage. The 
success of such a system would usually depend on aggregates being deliv- 
ered in bottom or side dump cars which could be dumped into pits or 
underground bins from which the conveyor: could deliver the material to 
the storage bins. Such a system, however, does not permit of a storage 
pile, and demands a constant supply of cars in order to prevent shutdown. 

Cold Weather Precautions—Plants operating in the northern states 
should be equipped to furnish warm concrete for cold weather construc: 
tion. But little additional equipment is required to heat the aggregates 
and water. An old boiler unsuitable for high pressure work but still satis- 
factory to furnish steam at low pressure for aggregate bins can be obtained 
at little expense. 

A grillage of steam pipes perforated with 1£-in. holes laid about 3 ft. 
above the discharge gates of bins containing fine and coarse aggregates 
makes a very good arrangement for heating the aggregates. Water can 
be heated by any one of several schemes commonly used on construction 
work. 

Equipment Capacities and Design—The mixer should be of such a 
size that it can deliver 30 cu. yd. or more per hour. This ordinarily re- 
quires that the mixer have a capacity of not less than 1 cu. yd. of mixed 
concrete per batch. One plant in Dallas has a mixer of 2 cu. yd. capacity. 
Other plants are equipped with two mixers each having a capacity of 
icury.d: 

The measuring hoppers should be of such design that they will insure 
accurate measurement of all materials used under all conditions. It should 
be possible to adjust them quickly for batches of varying proportions as 
a dozen jobs may be supplied in one day, each requiring a different mix 
from the others. 

Last summer a prominent contractor of Chicago operated a central 
mixing plant for the construction of a dam which would have been ideal 
for a plant selling ready-mixed concrete. 

One of the most interesting features of this plant was that all ma- 
terials were measured by weight. A steel hopper having a capacity of 50 
cu. ft. of loose materials was mounted under the aggregate bins on the 
frame of a dial scale. The 30-in. dial of the scale was about 6 ft. back 
of the hopper in plain view of the operator. The aggregate bins dumped 
directly into the hopper through metal gates and the cement is fed into it 
by a screw conveyor leading from the bottom of the cement storage bin 
about 30 ft. away. One operator measured all materials and fed the one- 
yard mixer. Two mixers of the same size could have been supplied with 
ease by this operator. 

In charging the hopper, the gate from the stone bin was opened, first 
allowing stone to flow into the hopper until the pointer on the scale reached 
the mark for stone posted on the dial. As the pointer approached the 
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mark the flow was gradually cut off and stopped just as the pointer reached 
the mark. When the sand had been weighed cut on top of the stone, the 
motor driving the screw conveyor was started by a controller mounted 
near the side of the hopper. When the required cement had been weighed 
the motor was stopped, and contents of the hopper discharged into the 
mixer through a gate in the bottom. 

Materials Measuwrement.—The measurement of materials by weight 
has several advantages over measurement by volume. One advantage is 
flexibility. No adjustment of the hopper or other equipment is necessary 
to change the proportions. The different proportions were used on this 
job and markers in three colors were posted on the dial to show the weights 
of materials required for each. That is, a 1:2:4 mix was indicated by 
red markers, another mix was indicated by green, and another by black. 
The operator changed proportions by merely using a different set of mark- 
ers. Complicated proportions such as 1: 1.3: 3.4 could be measured 
as easily as more common proportions. A complete list of proportions 
with weights for each printed on a convenient card would enable the 
operator to deliver without delay any mix desired. 

Sand Bulking Errors.—Another advantage of weighing equipment is 
its great accuracy. When water is added to dry sand it swells, sometimes 
as much as 30 per cent. That is, if a cubic foot of dry sand weighing 
100 lb. were mixed with 6 lb. of water, the volume of the sand and water 
may be increased to 1.3 cu. ft. A cubic foot of this moistened sand would 
then weigh only 81.5 lb. If the measuring hopper was set to measure 
12 cu. ft. of-sand it would actually measure only 980 lb. of this moist 
sand instead of 1200 lb. as intended. In other words, each batch of con- 
crete would actually lack more than 2 cu. ft. of sand on account of the 
bulking or swelling of the sand due to moisture. Concrete deficient in sand 
is richer in cement than intended and costs more per cubic yard than it 
should. 

The variation of sand content in concrete and the errors caused by 
bulking can be largely eliminated if the sand is measured by weight in- 
stead of by volume. Jn order to insure greater uniformity in the quality 
and proportions of concrete batches the lowa State Highway Commission 
now requires that all aggregates, both fine and coarse, used in state high- 
ways be measured by weight. A correction for the estimated moisture con- 
tent added on the scales practically eliminates errors in proportions due 
to bulking and moisture content of the sand. 

Bulk cement is more difficult to measure accurately by volume than 
damp sand. The weight of a cubic foot of cement will vary as much as 
25 per cent with the manner and degree of compacting. It can easily be 
measured by weight, as 94 lb. of cement is universally considered as one 
cubic foot. 

Advantages of Bulk Cement.—Bulk cement has a number of advan- 
tages over sacked cement at permanent central mixing plants. It eliminates 
the work and expense of emptying, cleaning, baling and shipping empty 
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bags. It can be unloaded from cars into bins and handled from bins to 
mixer by machinery to better advantage than cement in bags. One of 
the most successful methods for unloading it is by means of a power 
scoop operated by two men with a small electric or gasoline hoist. One 
man inside the car drags the scoop back from the door, pushes it into the 
cement and guides it while the other man outside pulls the loaded scoop 
to the door with the small hoisting motor and a line running through a 
block at or near the door. When the loaded scoop reaches the door it is 
dumped into the bin or into a small pit whence the cement is carried to a 
bin by a conveyor. One large user of bulk cement finds that three men 
can unload three cars of bulk cement per day with this outfit. 

When the cement storage bin is at one side of the material bins it will 
usually be necessary to deliver the cement from the bin to the measuring 
hoppers by means of a belt or screw conveyor. This conveyor should be 
driven through a clutch or electric motor so that it can be started quickly 
and stopped when the amount of cement required for a batch has been 
delivered to the hoppers. 

Aggregate Storage and Water Control.—Most storage bins for aggre- 
gate in plants now operating provide storage capacity of materials suffi- 
cient for three or four hours capacity of the mixer plant. These bins are 
most conveniently located over the measuring hoppers so that materials 
can be drawn directly from the bins into the hoppers by gravity. When 
two or three grades of coarse aggregate are used it may be advisable to 
provide an overhead bin for each. 

An accurate control of the water content for each batch is essential 
to the uniform consistency and necessary to successful hauling of mixed 
concrete. A water-measuring tank capable of quick adjustment for the 
varying amounts of water required should be provided at the mixer. 

Concrete Deliwery.—Mixed concrete has been delivered successfully in 
large trucks on solid tires. Where volumes are large, the roads well paved, 
and the hauls short, the large trucks will deliver concrete at a lower cost 
per ton-mile than the light trucks. When conditions are reversed the light 
trucks will usually have an advantage. Pneumatic tires under heavy 
loads cost more per mile of operation than solid tires, but they cause 
less vibration and wear of the truck mechanism and less compacting of the 
concrete than solid tires. Trucks on pneumatic tires can make better 
speed and therefore longer hauls than solid-tired trucks. Some central 
mixing plants do not own all their trucks but contract for the delivery 
of the concrete with local trucking concerns, when extra trucks are re- 
quired. This relieves the plant operator of the investment in a large fleet 
of trucks and the responsibility of their care and operation. 

Tests.—Experiments and tests carried out by the Bureau of Public 
Roads in 1921 show that the strength of concrete is not impaired when 
hauled for periods as great as three hours. ‘These tests show that there 
is no danger of injuring concrete by hauling it for any economical distance, 
provided it is not segregated when deposited in its final position. 
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These tests and field experience indicate that concrete compacts into 
a solid mass in the truck body when it is hauled for a considerable time, 
and that the rapidity and degree of compacting is greater with concrete 
of thin consistency than with concrete of a stiff consistency. Concrete 
to be hauled more than a few blocks should be of such a consistency that 
it will show a slump of not more than 4.in. when tested with the slump 
cone. Experience shows that concrete which has been thoroughly mixed 
does not segregate as quickly as that which has been imperfectly mixed. 
A minimum of 1144 min. mixing time is recommended. 

Emptying Compacted Concrete——When a load, of concrete is compacted 
in a truck body it can be dumped only with difficulty unless special means 
are provided to clear the body when the load is dumped. Several schemes 
have been used to overcome this difficulty. In one method a piece of log 
chain is laid across the front end of the body with the ends laid out along 
the bottom toward the rear end. If the load does not clear itself from the 
truck when dumped a pull on one or both ends of the chain will usually 
clear the truck. Another plan is to provide a false bottom in the truck 
of canvas or sheet metal which slides 2 or 3 ft. when the load is dumped. 
There is seldom need for such equipment, however, if the concrete is mixed 
for at least 14% min. and has a slump within specified limits. 

Field for Central Plants.—The application of the central mixing plant 
to commercial business must be confined to certain definite limits. Present- 
day knowledge sets as a limit for such work a concrete with a slump not 
greater than 4 in. The field for such plants is therefore limited to pave- 
ments, curbs and gutter foundations, plain concrete floors, retaining walls 
and structural concrete, with a sufficiently large section to permit the 
placing of concrete around the reinforcement with a reasonable amount of 
spading. Concrete should always be dumped from the truck into a batch 
box. Under no circumstances should delivery be made directly into the 
forms. Concrete of the required consistency when placed directly in the 
forms cannot be spaded or spread properly without honeycombs and the 
exposing of reinforcing bars. Another feature that must be guarded against 
is the remixing of the concrete on the job by adding additional water. 
Such a procedure will unquestionably reduce the strength of the concrete 
and lead to a practice on the job that will place the central mixing plant 
in disrepute. 

Advantages and Disadvantages Summarized—tIn conclusion, permit 
me to sketch the advantages and disadvantages of the central mixing plant. 
One of the principal advantages of these plants is the fact that it places 
the mixing of the concrete in the hands of one man, where materials can 
be graded, proportioned and mixed with greater uniformity than in the 
field. Manual labor is reduced and machinery substituted therefor. The 
expense of moving contractors’ equipment from place to place is eliminated 
and at the same time storage space for materials is eliminated on the job. 
Perhaps the greatest advantage in the central mixing plant is the fact 
that only the stiffer mixes can be transported. If the idea of the central 
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mixing plant becomes established, we are sure of reducing very materially 
the water content in all concrete. 

The principal limitation of the central mixing plant is one of trans- 
portation. Only the stiffer consistencies can be successfully delivered by 
{ruck- without segregation and settlement into the body of the truck. 
Other difficulties to be overcome are the transportation of concrete into 
congested areas and the-necessity of avoiding delays in the transportation 
of these materials to a large construction job. At the same time a great 
deal of prejudice will be set up by the contractors, due to the fact that 
they already have a great deal of expensive equipment on hand which can- 
not be discarded, due to the character of their business. No doubt there 
will be a certain amount of prejudice in the minds of officials to the exact 
results to be obtained by a central mixing plant. They may not be en- 
tirely in sympathy with laboratory tests and for that reason will rule out 
the use of central mixed concrete, fearing that the ultimate strength of 
such concrete will be impaired by transportation. This, however, is a 
minor point, due to the fact that mixed concrete has been transported by 
a number of means for quite a number of years. 

Generally speaking, a central mixing plant is entirely practical and 
safe, providing it is in the hands of competent men. The same axiom 
applies to the central mixing plant as to any other class of work. It is 
not “the use but the abuse” of a system that causes the difficulty. 


DISCUSSION. 
C. B. Fosrer.—Where did you start? Mr. Foster. 


W. E. Harr.—The projects I have been on had the plant located in Mr. Hart. 
the center of the job. Concrete is placed from a point two miles north 
to the plant and then two miles south to the plant. By the time the north 
part is cured and ready for traffic, concrete is then placed two miles north 
of the point of beginning of the first piece. 


Mr. FosTer.—Then they have this mud road to travel over with their Mr. Foster. 
loaded trucks in the wet weather? 


Mr. Hart._—That is true. Mr. Hart. 


Mr. Foster.—You spoke of a 114-min. mix, and just the other day Mr. Foster. 
there was a man spoke of a l-min. mix. I have had experience with con- 
crete nearly ever since I started, and I find that I can get as good a mix 
in some mixers in thirty seconds as I can get in others in five minutes, 
and I think that is a point we ought to give consideration to. I do not 
think the time has anything to do with it. 


Mr. Harr.—The reason we have mentioned a 114-min. mix is because Mr. Hart. 
it is possible for the plant to mix a minute and a half, if they do not 
have a string of trucks waiting. Longer mixing is desirable, because it 
aids materially in the removal of the concrete from the body of the truck. 


H. F, FAuLKNner.—Haye you ever considered the difference in the use Mr. Faulkner. 
of flat and V-shaped trucks for delivery? Also, could not concrete be de- 
livered into hoppers through a spout as a remixing plant, then into buckets 
or barrels to be delivered into the elevator? In that way you might oyer- 
come segregation. 
Mr. Hart.—In answer to the first question, I have had experience in Mr. Hart. 
both cases. On one particular job we used fourteen trucks, seven of them 
having one-yard V-shaped bodies, while the others were 3144-ton trucks with 
flat bodies. In both cases we had some trouble if the mix was too wet. 
On this particular job they were using a slump of about an inch and a 
half with the result that it came out very easily. If they got the mix too 
wet they had more difficulty in the flat-bottom than in the V-shaped truck 
body. In the second case, I can see no objection to the instance you men- 
tion, if they do not add water when they remix. 


E. LicuTenBerG.—It may be interesting to the members of the Insti- Mr. Lichtenberg. 
tute and Mr. Hart, that about eight or ten years ago we actually con- 
structed a device that I believe would overcome all the objections that 
Mr. Hart brought up to the central mixing plant. This was a mixer 
mounted on a truck, that is a 5-ton chassis was used and a mixing drum 
was mounted on the truck instead of the regular body. This cylindrical 
drum had a capacity of about 2 cu. yd. dry material. The cement had a 
separate compartment and the water tank was mounted over the drum. 
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The truck was charged at a central proportioning plant and then hauled 
to the job. About two or three minutes before the driver got to the job 
he threw in a clutch lever and started the mixing drum to work and when 
he arrived on the job, the mix was all mixed and ready to dump right into 
the forms. We actually constructed this machine, but before we com- 
pletely finished the job-we realized that the whole scheme was premature. 
From a commercial standpoint there was no call for such a device, be- 
cause the state of the art had not advanced as much as it has today, but 
the scheme is still in existence and is wholly practical and it may elimi- 
nate all your troubles about hauling mixed concrete. 


J. P. Witson.—Two years ago the city of Grand Rapids paved some 
street where the material was mixed at a central mixing plant and hauled 
as far as 3144 miles. Sometimes the material was held at least an hour 
before it was dumped. They took test pieces at the mixing plant and test 
spots were marked in the street and cores were taken from the street to 
correspond with the cylinders stored at the central mixing plant. They 
sent those cylinders down to me at Detroit to test, and we found that the 
cores taken from the street showed 10 to 20 per cent higher strength than 
we got out of the laboratory cores taken at the central mixing plant and 
stored according to the best practice. We got concrete from that street 
as high as 6,200 lb. to the square inch. It had been hauled three miles and 
a half, and some of it held at least an hour in the trucks before it was 
dumped. 


FINISHES IN Stucco. 
By SAMUEL WARREN.* 


The relationship of stucco finishes to the house on which they are 
applied presents many interesting possibilities. Unlike practically all 
other building materials, stucco is not a series of complete units fitted 
together on the job, but is, until the moment of its application, a shapeless 
flowing mass, capable of endless possibilities. Brick, wood or stone are 
definite in color and texture. Their appearance in the finished work can 
he readily judged before they are in place and at the same time offer little 
latitude after the choice of some particular type has been selected. 

Stucco is vastly different. One mix of definite proportions gives many 
and varied effects, according to its manipulation. It is the object of this 
paper to bring out some of the methods used in securing these various 
effects. 

We speak of color and texture in stucco. This is not an accurate 
statement, for color and texture are almost synonymous terms. We can 
secure an effect of so-called texture on a perfectly smooth surface, or we 
can take a material of uniform color and by giving it a rough surface 
secure several different shades. For instance, we can take a stucco, say 
composed of one part white portland cement, three parts yellow sand, and 
a little lime and by different manipulation, give it many different shades. 
A smooth troweled surface will give a very light buff. A surface slightly 
torn with the trowel will introduce lights and shadows and deepen the 
color. A surface rubbed with a carpet float or brush after it has been on 
for a few hours will show a very distinct and deeper shade of yellowish 
buff. We can therefore control the color of our stucco, not only by the 
inherent quality of the color of the mix itself, but by the method of its 
application. 

These combinations of color and texture mean much to the portland 
cement industry in that they offer in portland cement stucco a material 
of almost unlimited possibilities and a consequent elimination of monotony. 
This is a very important point when the growing use of portland cement 
stucco is realized, for people do like, at least, a touch of individuality in 
their houses. The old day when rows of identical houses were built is fast 
passing, and even though some real estate development may, in the interest 
of economy, keep the houses practically alike, yet it is possible by slight 
structural changes and by variation in the stucco itself, to avoid monotony 
and yet harmonize all the buildings. 


*Manager, Atlas-White Dept., Atlas Portland Cement Co., New York City. 
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There is also a relationship between the various stucco finishes and 
the type of the house architecturally. Most houses follow certain prin- 
ciples of architecture and the stucco should be in keeping with them, For 
instance, in the old days in the southwest, most construction was of adobe 
block and adobe stucco. The adobe stucco was applied by hand and worked 
into an approximately smooth finish by hand. It is therefore in keeping 
with this type of architecture to approximate as far as possible the finish 
on these adobe buildings. Again we have colonial architecture with many 
distinct variations. In its earlier days, particularly in New Jersey and 
Pennsylvania, the detail was often very simple. The stucco was used for 


Kenneth Dalzell, Architect. 
STUCCO AND TILE IN A MAPLEWOOD, NEW JERSEY, SETTING. 


the purpose of sealing the “weather” sides of the rough laid stone walls 
of the building, usually the north and the east, from the driving rains 
and cold winds. The stone was usually rough and the stucco followed the 
contours of the stone. 

As the colonial architecture became more formal and possessed of 
great perfection of detail, we find the stucco also being put on with great 
care to insure uniformity. Lack of finish elsewhere in the house calls for 
lack of finish in the stucco. Refined detail of the trim must not clash with 
a rough textural stucco. 

The old English cottage type of architecture was in many senses an 
uncertain type. It has certain characteristics but allows for a great lati- 
tude in treatment. Its roofs, high pitched due to the use of thatch, are 
well known. These houses were undoubtedly built in the days when the 
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A. J. Thomas, Architect. 
HOME OF FRANCIS KEIL, SCARSDALE, N. Y. 
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same group of men built the foundations, laid the brick, fashioned the 
floor timbers and floors, and applied the stucco filling between the half 
timber. The solidity of their work is proven by its ability to last. Their 
stucco stayed on but without the slickness of finish of modern workman- 
ship. 

In modern days of machine-made materials, there is an attempt to 
approach, in handwork, the slickness and uniformity of the machine. 


Julius Gregory, Architect. 
ENGLISH EFFECT IN A PELHAM, N. Y., HOME. 


Today our timber comes to the job (supposedly at least) to perfect dimen- 
sion, sawed irrespective of irregularities of grain. In the old days the tree 
was felled and squared by axe or adze and usually the wind of the tree 
was retained. 

There is also a peculiar satisfaction in hand workmanship. A piece 
of timber dressed four sides in a planing mill is like every other piece— 
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Bloodgood Tuttle, Architect. 
HOME OF MARY M’KELVEY, SPUYTEN DUAWVILSN Ys 
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one look at it and we realize nothing back of it but the machine. We see 
an adzed timber and our mind is taken back to the man who hewed the 
log. So in stucco there are many possibilities of craftsmanship but it 
must be true craftsmanship and not imitation. If we take a log of wood 
which has already been through the saw mill and try to make it have the 
appearance of being adzed the result is quite sure to be a poor imitation. 
It is not honest. The same applies to stucco. These various textural 
finishes should show the method that the mason used in getting the stucco 
onto the wall and not some irregularity worked into the surface after the 
stucco is on. If that thought be kept in mind, it will be found much 
simpler to secure interesting effects. 

The degree of texture must also be considered. If the building is 
near the road, so that it is usually seen from a distance of only a few 
feet, the texture should be only slightly rough. Otherwise it will appear 
too coarse. Again, if the house stands back among the trees, and the usual 
viewpoint is several hundred feet, the scale of the texture should be corre- 
spondingly increased. Always lay up a good sized sample, say 6 ft. square, 
and then examine it from various distances and various angles to judge 
its fitness for the given work. 

Coming to more particular points, the degree of plasticity of the mix 
has much to do with the finish itself. If a- poorly graded sand—one in 
which the particles are much the same in size—is used, it will be found 
difficult to secure an interesting effect, as the material is dead and works 
badly under the trowel. A well-graded sand is fatty and works with free- 
dom and easy control under the trowel. 

Suction of the wall must also be watched, for if the wall is too dry 
the absorption of the water from the finish coat will give the finish an 
almost instant set. The wall should be wetted so that the stucco main- 
tains its full plasticity for at least half an hour. This usually means at 
least two thorough drenchings of the wall the previous day and again just 
before the work is done. As it is sometimes difficult to cover every square 
inch of the base coat in applying these finishes, most masons apply a very 
thin cover coat over the base coats and into this work the true finish coat. 
This, of course, is only applied slightly ahead so that it does not have a 
chance to harden. 

Jt may be felt that it is difficult to teach the ordinary plasterer, who 
is used to perfection of surface, the method of applying these finishes, but 
it has been my experience that most of them take to them very readily 
once they grasp the idea. 


Report or Tests MapDE TO DETERMINE THE TEMPERATURES IN 
REINFORCED-CONCRETE CHIMNEY SHELLS. 


By E. A. DockSTADER.* 


Reinforced-concrete chimneys have been in use in this country for 
about twenty-five years. With the growth of central power stations, large 
reinforced-concrete chimneys have become increasingly common. This type 
of construction has many features in its favor particularly for chimneys 
superimposed on the power station structure where the lighter weight of 
a reinforced-concrete chimney as compared with a brick chimney is im- 
portant. Cracks, which have appeared in a number of reinforced-concrete 
chimneys, have led to some doubt on the part of engineers as to whether 
such construction is reliable. Such cracks can usually be traced to im- 
proper design, faulty workmanship or a combination of the two. It was 
with a view toward improving the design of these structures that the tests 
under discussion were made. 

Theoretical analyses of the stresses in chimney shells due to the weight 
of the chimney and the force of the wind upon it are available. Wind 
velocities have been measured for many years with more or less accuracy 
and records kept of maximum conditions. It has, therefore, been possible 
to proceed with reasonable accuracy in designing reinforced-concrete chim- 
neys to resist the stresses due to dead-load and wind, and for many years 
the emphasis in the design of chimneys has been placed on the proper 
proportions of shell thickness and reinforcement to resist these stresses. 

It has long been recognized that the stresses in the chimney shell due 
to temperature were of great importance and theoretical analyses of these 
stresses, both circumferential and vertical have been developed. The actual 
temperatures in the concrete of the chimney shell under actual operating 
conditions have not heretofore been measured. It has been necessary, 
therefore, to assume the difference in temperature in the concrete between 
the inner and outer faces of the chimney shell, in order to use the formu- 
las resulting from theoretical analyses. This indeterminate factor has 
prevented the application of these formulas to the design of reinforced- 
concrete chimneys with any degree of assurance. 

During the summer of 1922 it was suggested by the Heine Chimney 
Co., of Chicago, Ill., that provision be made in the construction of a chim- 
ney which they were about to erect for the New Bedford Gas and Edison 
Light Co., under the direction of Stone & Webster, Inc., so that tests 
could be made when the chimney was in service to determine the tempera- 
tures in the concrete of the chimney shell. The New Bedford Gas and 
Edison Light Co. was not only willing that the tests should be made but 
during their progress co-operated in every way and rendered much valuable 


*Stone & Webster, Inc. 
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assistance. The actual tests were planned and carried out by Stone & 
Webster, Inc. 


The chimney selected for test was erected in the fall of 1922. It is 
15 ft. internal diameter at the top, and 188 ft. high above its foundation, 
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FIG. 1.—DETAILS OF CHIMNEY, SLEEVES AND THERMOCOUPLE LOCATIONS. 


which foundation is superimposed on the steel framing of the power sta- 
tion above the boilers. A photograph of the construction drawing of the 
chimney is attached. The tests were made on the north chimney of the 
two shown on this drawing. This chimney is designed to serve three 
1,608-hp. Babcock & Wilcox boilers operating at 250 per cent rating, 
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although at present only two of these boilers are installed. The flue from 
each boiler enters on opposite sides of the chimney. A steel plate baffle 
in the chimney extending 6 in. above the top of the flue opening separates 
the opposing streams of incoming gases. The boilers are coal fired through 
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FIG. 2.—WIRING DIAGRAM. 


Frederick underfeed, multiple-retort stokers under forced draft. There are 
no economizers or induced draft equipment. 

The chimney is lined with common brick to a point approximately 
2 ft. below level “B”, Fig. 1. This brick lining is 8 in. thick to a point 
approximately 6 in. below level “A”, Fig. 1, and 4 in. thick above this 
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point, with an air space between the brick lining and the concrete shell, 
this air space being sealed at the top of the brick lining. 

When the chimney was constructed sleeves of extra heavy brass, 214 
in. inside diameter and approximately 14 in. thick, were cast in the chim- 
ney shell at various levels as shown in Fig. 1. The sleeves were placed 
on the south side of the chimney in all cases. It was the intention to 
arrange these sleeves so that at each level the temperatures could be 
measured (1) of the gases at the center of the chimney, (2) of the gases 
midway between the center and the chimney shell, (3) of the gases imme- 
diately adjacent to the chimney shell, (4) of the air (where the chimney 
was lined) between the lining and the concrete, (5) of the concrete ap- 
proximately 2 in. from the inside of the shell, (6) of the concrete at the 
center of the shell, and (7) of the concrete approximately 2 in. from the 
outside of the shell. It should be noted that in plotting and tabulating 
the results of the tests, the readings are referred to throughout as num- 
bered above, so that for example, point (1) always refers to the tempera- 
ture of the gas at the center of the chimney, point (5) the temperature 
of the concrete nearest the inside of the chimney shell, point (7) the 
temperature of the concrete nearest the outside of the chimney shell. 
Where readings were not taken at a given point, as for example point (4) 
between the shell and brick lining for levels above the lining, point (5) 
at level “C”, and points (5) and (6) at level “EH”, these numbers are 
omitted in the plotted and tabulated results to maintain the identification 
of a given number with a point in the same relative location. At leyel 
“C”, readings at point (5) in the concrete nearest the inside of the shell 
could not be obtained due to a bulging of the form so that this sleeve 
projected clear through the concrete. 

Readings were taken by means of “Copper- Cortiantan® thermocouples. 
Fig. 2 shows the wiring diagram for these couples, one couple being installed 
at each location so that readings could be taken at any point by merely 
closing the proper switch on the switchboard inside the power station. 
Couples in the gas stream were inserted through iron pipes to hold them 
in their proper location, the couple being insulated from the pipe. For 
readings in the concrete, small holes were drilled directly into the con- 
crete, the “hot junction” of the thermocouple inserted and the entire sleeve 
filled solid with plaster of paris around the porcelain tubes which insulated 
the connecting wires. Independent copper leads were run from each 
thermocouple to the potentiometer switchboard. Originally a single bare 
Constantan wire was used, common to couples at all levels but preliminary 
readings showed that this gave very inaccurate results. The single Con- 
stantan wire was therefore removed and individual insulated Constantan 
leads were run for the couples at each level, as indicated in Fig. 2. Read- 
ings were taken by a potentiometer in milli-volts. The copper Constantan 
wire used was calibrated at the Massachusetts Institute of Technology 
and a table prepared from which the millivolt readings were converted to 
degrees Fahrenheit for plotting and tabulating the results of the tests. 


208 Report oF TEMPERATURES IN CHIMNEY SHELLS. 


Outside air temperatures were taken by means of a thermocouple 
mounted at level “KE” and a thermometer on the roof near the base of the 


chimney. 


A tabulation of all of the readings taken after the apparatus was 
installed and tested follows: 


TABULATION OF TEMPERATURE READINGS. 


DATE ett ee ee January 25, 1924 a ion 
.M.|A.M.| P.M. |P.M./P.M.| P.M. | P.M. 
Trme started ssn.cne nee 9.30 | 9.50 | 2.56 | 3.15 | 4.40] 2.20 | 3.46 
Time finished...............| 9.44 | 9.5 3.05 | 3.30 | 4.55 | 2.32 | 3.58 
Temperaturein Degrees Fahr.: 
Thermocouple E1......... 382 | 392 391 | 388 | 359 362 
Bidet 387 | 390 885 | 385 | 352 356 
3... . 314 | 325 321 | 315 | 287 296 
108 | 137 137 | 130 | 123 108 
49 60 58 48 33 31 
410 | 410 411 | 405 | 376 377 
391 | 400 397 | 394 | 364 363 
219 | 266 247 | 244 | 203 197 
108 | 123 125 | 130 | 131 123 
97 | 118 118 | 123 | 115 107 
415 | 421 420 | 417 | 383 388 
413 | 421 421 | 416 | 383 386 
285 | 325 317 | 312 | 269 266 
125 | 146 145 | 149 | 148 143 
107 | 126 126 | 128 | 115 103 
421 | 425 422 | 422 | 390 392 
421 | 424 | 423 | 421 | 390 390 
393 | 400 399 | 400 | 363 363 
108 | 134 135 | 187 | 113 113 
145 | 170 172 | 179 | 170 169 
111 | 118 120 | 117 | 121 115 
448 | 435 440 | 445 | 421 414 
434 | 428 422 | 429 | 395 390 
432 | 425 427 | 423 | 383 379 
208 | 220 220 | 224 | 190 195 
122 | 134 133 | 139 | 112 112 
90 99 99 | 101 80 82 
75 78 77 77 64 63 
Air temperature at base of 
chimney by thermometer 44 21 21 
Weather cates eevee: Bre | Neen fi OF oll ee sl he Clear 
Wind....................] Northwest—Velocity esti- Strong and 
mated 10 mi. per hr. pufty 
Rated boiler horse power on 
chimney 372. He Ae 3216 3216 |3216 
Boilers operating at rating of 210% 205%| 220% 
Total boiler horse power on 
chimney, *3.5 eee teeta 6754 6593 |7075 
Average COs of chimney gas 
at ““B”’ level by volume. 9.5% 8.9%| 9% 
Draft in inches of water at 
base of chimney........ 1.10 1,23 
Draft in inches of water at 
SB level ccosscesnec er 93 .84 | .92 


Note A.—Wind velocity 300 to 500 ft. per min. by anemometer. 


Nore B.—Thermocouples E3, D3, C3, and B3 were located approximately 4 inches from the inside of 
the chimney shell and A3, approximately 4 in. from the inside of the brick lining. 


FrpBRUARY 
26, 1924 
P.M. | P.M. 
1.30 | 3:15 
1.48 | 3.30 
367 | 374 
367 | 370 
307 | 309 
143 | 138 
54 52 
388 | 394 
374 | 380 
232 228 
144 | 147 
138 | 135 
396 | 400 
396 | 400 
268 | 267 
163 | 162 
142 126 
401 | 401 
401 | 400 
374 | 378 
126 | 126 
188 | 188 
134 | 134 
418 420 
396 | 400 
388 | 392 
209 214 
130 | 134 
100 | 102 
78 78 
40 38 
MediumClear 
Moderate 

3216 |3216 
203%| 198% 
6528 16368 
9.5%| 9.4% 
1.05 | 1.18 
-88 


Mar. 
1924 


P.M. 
2.30 
2.45 


JUNE 
18, 
1924 


P.M. 
3.00 
3.40 
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The tabulated draft readings were taken with a differential draft 
gauge. Gas samples were taken at the time of the tests by means of an 
Orsat apparatus. Samples taken on Jan. 25, 1924, at level “B” showed: 

CO, = 9% per cent by volume. 
O,—=9% per cent by volume. 

Gas samples taken at levels “B” and “D” and at various points in the 
chimney from its center to within 1 in. of the concrete shell showed no 
measurable difference in CO, apparently indicating uniform gas distribu- 
tion throughout the chimney both vertically and in cross section. 

The average temperature of the gases at the boiler uptakes on Jan. 
25, 1924, was 475 deg. F., the computed mean velocity of the gases 775 ft. 
per minute, and the average boiler efficiency 75 per cent. 

The coal burned throughout the tests was that known as “New River,” 
having an average heat value of 14,400 B.t.u. per pound. No analysis 
was. made of the coal actually burned at the time of the tests but a typical 
analysis of this coal shows: 


Per Cent 

Carbon tec ao eRe re She ere Sn 83.74 
ELV CTOCCI 5. f omc ar tess tn ee 4.26 
ORV ED ner etch at eat ase Sec Ole arta 2.47 
IN IGT OC OMe Me RM site a thcteit as Becca aeee ole 1.51 
SUL ITETA reeyscncch sy Maye sa talc tceuays Soir ss ane eee -66 
PAST ice dine spate inc ates ss Aerts matey 7.36 

100.00 


It will be noted from the reading taken Jan. 28, and Feb. 26, that in 
both cases the readings taken later in the afternoon show higher gas tem- 
peratures and lower concrete temperatures at point 7 than the readings 
taken earlier the same afternoon while the outside air temperatures and 
wind conditions remained practically unchanged. The thermocouples were 
all located on the south side of the chimney and point 7 is nearest the 
outside of the concrete shell. It is possible ‘hat the shift in the rays of 
the afternoon sun may have lowered the concrete temperatures at this 
point to some extent. 

In Fig. 3 the average of the three sets of afternoon readings on Jan. 
25, the average of the two sets of readings on Jan. 28, and the readings 
of June 18 have been plotted from the center of the chimney to the out- 
side at each level. It should be noted that the curves of this diagram do 
- not represent the temperature gradient from the center of the chimney to 
the outside but are made up by merely plotting the observed temperature 
at the points where readings were taken and joining these points by 
straight lines. It is a well-known fact that at the surface of a heat bar- 
rier there is a drop in temperature in the direction of the heat flow so 
that at the inside of the chimney shell there is undoubtedly a considerable 
drop from the temperature of the gas impinging against the concrete to 
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the temperature of the concrete itself at its inner surface. The probable 
character of the temperature gradient is illustrated in Fig. 5 with abrupt 
drops in temperature at the surfaces of the concrete rather than straight 
lines between observed points, although, of course, the exact nature of this 
curve is somewhat conjectural. Fig. 5 is not intended to indicate the 
actual temperature gradient but merely its character as the curves of the 
diagram were plotted from a single set of readings. 

The readings at level “B’ seem inconsistent. The actual readings 
were checked several times and new thermocouples substituted to assure 
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FIG. 3.—RECORD OF TEMPERATURE READINGS PLOTTED ON RADIAL LINES 
THROUGH CHIMNEY SHELL AT VARIOUS LEVELS. 


‘ their accuracy. It will be noted that level “B” is just above the top of 


the brick lining. It may be that the flow of the gases is so directed that 
they do not strike directly against the concrete at level “B” or that some 
structural detail at the thermocouple locations, such as the possible close 
proximity of steel reinforcing to points 6 and 7 accounts for the discrep- 
ancy in readings at this level. 

In Fig. 4 the same readings plotted in Fig. 3 are again plotted, but 
in this diagram the readings of a given point relative to the chimney 
shell are plotted at the various levels throughout the height of the chim- 
ney. In general the gases become cooler toward the top of the chimney, 


4ey 


400 


360 


320 


280 


260 


DEGREES FAHRENHEIT 
Pp 
S 
s 


180 


160 


140 


120 


100 


40 


20 


REPORT OF TEMPERATURES IN CHIMNEY SHELLS. 211 


READINGS JAN.25 1924 
—---— READINGS JAN. 28 1924 
—-— READINGS JUN.18 1924 


A BIC o E 
ae oe are Far a 
22-6" 49:0 56:0 109-0" 177-0 


DISTANCE ABOVE ROOF 


FIG. 4.—RECORD OF TEMPERATURE READINGS PLOTTED ON VERTICAL 
LINES PARALLEL TO CHIMNEY SHAFT. 
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as would be expected. The drop in temperature at point 3 at level “D” 
is probably due to the junction of the thermocouple being located closer 
to the chimney shell at this level than at other levels. 

The maximum stress due to temperature to be provided for in the 
design of the chimney is occasioned by the greatest difference in tempera- 
ture in the concrete itself between its inner surface and the temperature 
reinforcement. The readings perhaps do not give this maximum condition 
of temperature difference in the concrete which may occur on a very cold 
winter day when the boilers are first put on the line after being banked 
over a low station load period. The hot gases impinging suddenly on the 
inner surfaces of the concrete may raise its temperature rapidly, the outer 
surface becoming warm gradually as the heat flows through the concrete, 
thereby giving a greater temperature difference and consequent greater 
stress. The wiring has been left in place and it is hoped that during the 
coming winter further readings bearing on this question may be obtained. 

The following is a tabulation of the temperature differences in the 
concrete of the chimney shell shown by the readings: 


TABULATION OF TEMPERATURE DIFFERENCES IN CHIMNEY SHELL. 


| | | 
| D-5 to D-7 | C-6toC-7 | B6toB-7 | A-StoA-6 | A-6toA-7 | A-5 to Ac? 


Radial | 2 Inches 234 Inches 314 Inches 53% Inches | 514 Inches | 105 Inches 
Distance 


from Readings | 


T .| A : | i 
AL Dit, oe Bere ae Dit, Eo ears hes Hae Total Heep 
| 4eMD-1 per |+EMP-) yer | Temp.| per |Temp.| per |Temp.| per | Temp. r 
| Diff. | tneh | Diff | tnch | Diff- | gach | Diff. | hen | Diff. | feen | Diff. | PS, 


Jan. 25, 1924 | 

9.30 A.M..... 10 | 5.0) 21 | 7.6] #34 | 10.5] 34 | 6.3/#i4 | 2.7] 48 | 4.5 
9.50 A.M... 11 | 5.5|*18 | 6.5| 34 | 10.5] 32 | 60| 15 | 2:9 | +47 | 4:4 
2.56 P.M... *5 | 2.5) 20 | '7.8-| 52 | 46.01" 35° | 6.5)|- ai Me ao) “cee bens 
3.15 P.M... 7 | 3.5| 19 | 6.9] 52 | 16.0] 34 | 63| 22 | 4:2] 56 | 5:3 
4.40 P.M... 7 | 3.5| 21 | 7.6 p62 | 19.0 fess | 7:1| 24 | 46] 62 | 5'8 
— ——_ — a ae —_ eas == = — —— 
Average... 8 | 4.0| 20 | 7.3] 47 | 14.5] 34.5] 6.4| 19 | 3.6] 54 | 5a 

Jan. 28, 1924 | 
2.20 P.M... 16 | 8.0) 28 | 10.2] 49 | 15.0] 32 | 6.0! 16 | 3.0| 48 | 4.5 
3.46 P.M... 16 | 8.0| 40 | 14.5] 54 | 16.6] *30 | 5.6| 19 | 3.6| 49 | 4:6 
Average... 16 | 8.0) 34 | 12.4] 51.51 15.8] 31 | 5.8| 17.5] 3.9| 48.5] 4.6 

Feb. 26,1924 | 
130P.M.....| 6 | 3.0] 21 | 7.6] 54 | 16.6] 30 | 5.61 22 | 421 52 | 49 
3.15P.M.....| 12 | 6.0] 36 | 13.1] 54 |16.6| 32 | 6.0| 24 | 4:6] 56 | 5:3 
Average.....| 9 | 4.5| 28.51 10.4] 54 |16.6| 31 | 5.8| 93 | 4.41 o | 5a 
March 19, 1924..| 17 | 8.5| 42 | 15.3] 58 | 17.8] 35 | 6.5 29 | 5.5 bees | 6.0 
June 18, 1924....| *20 | 10.0 44 | 16.0] 51 | 15.7] 32 | 6.0| 28 | 5.3| 60 | 56 


Grand Average. 11.6] 5.8 | 28.2 | 10.3 | 50.4 | 15.5 | 33.1 
Maximum 


Minimum...... 5 | 2.5] 18 | 6.5| 34 | 10.5] 30 
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All temperatures in degrees Fahrenheit. 
*** Denotes maximum of all readings at a given level. 
* Denotes minimum of all readings at a given level. 
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The temperature difference from B-5 to B-6 is omitted from this tabu- 
lation since the readings between these points show an increase instead 
of decrease in temperature from B-5 to B-6. 

This tabulation, together with the previously tabulated readings, shows 
as might be expected that in general as the chimney shell becomes thinner, 
the actual temperatures in the concrete near the outside face become 
greater but that the difference in temperature between the inner and outer 
surfaces of the chimney shell becomes less. The readings also appear to 
show that as the chimney shell becomes thinner the slope of the tempera- 
ture gradient becomes flatter whereas for practically unchanged tempera- 
ture conditions, the slope of the true gradient must be steeper as the chim- 
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FIG. 5.—PROBABLE CHARACTER OF TEMPERATURE GRADIENT THROUGH 
CHIMNEY SHELL. 


ney shell becomes thinner. This discrepancy may be due to the small 
radial distance between the points where the readings were taken, so that 
a slight inaccuracy in the observed temperatures would materially affect 
the slope of the temperature gradient. 

Tests of such limited nature cannot be taken as at all conclusive and 
there are many unexplained variations in the observed readings. How- 
ever, until further experimental data on this subject are available, it is 

felt that for the purpose of designing reinforced-concrete chimneys sub- 

ject to conditions similar to those existing for the chimney under discus- 
sion, the general trend of the test data warrants the conclusion that the 
maximum drop in temperature through the concrete of the chimney shell 
may be taken as: 

(a) 20 deg. F. per inch of shell thickness where the chimney is 

unlined. 


teens 
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(b) 10 deg. F. per inch of shell thickness where the chimney is 
lined so as to furnish insulation equivalent to that of the 
lining in the chimney tested. 


It_is hoped that these tests will lead to further tests along the same 
line, and will result eventually in an accumulation of data from which 
still more positive conclusions can be drawn. 


DISCUSSION. 


J. W. Loweti.—This is just the kind of data we need upon which to 
base a theory of the design of concrete chimneys. This is the first real 
data we have had on the difference in temperature between the inside and 
outside of concrete chimney shells. 

Pror. IRA H. Woorson.--What was the average high temperature 
registered in this chimney and for what periods of time did that high 
temperature exist? Also, was the interior of the chimney examined since 
the tests were conducted? Was any influence noticeable upon the concrete, 
and if so, what? 

Mr. Docksraper.—The temperatures varied at every point in the 
chimney shell, and also varied somewhat dependent on the outside tem- 
perature. The amount of heat radiated through the chimney shell affects 
the temperature of the gas inside the chimney shell. The maximum 
recorded temperature of the gas on the inside, as I recall it, was something 
near 450 deg. near the bottom of the chimney, and varied down to near 
400 deg. near the top. The chimney has not been examined since the test 
was made. The chimney is designed to take care of three 1608-h.p. boilers 
operating at 250 per cent rating. 

Pror. M. O. FuLLER..—What was the length of time taken to determine 
the coefficient of expansion of that concrete so that the strains in the 
chimney could be investigated? 

Mr. DocxsrapeR.—I have been trying to find out if any experiments 
have been made to determine the coefficient of expansion of concrete. I do 
not believe that very much has been done along that line. With the ex- 
treme variation in the rest of the computations, a slight difference in that 
coefficient would not make much difference, but I think it is a subject that 
might be investigated along the same lines that the coefficient of expansion 
of gunite were very accurately determined. 


(215) 


Mr. Lowell. 


Prof. Woolson. 


Mr. Dockstader. 


Prof. Fuller. 


Mr. Dockstader. 


INUNDATION AS A PracticaL Arp TO UNIFORM CONCRETE. 
ARTHUR A, LEvISON.* 


The last few years have brought a keen realization that concrete as 
made for construction purposes is notably lacking in uniformity of quality. 
Over 120,000,000 of cubic yards of concrete were placed during 1924. It is 
estimated that the consumption of cement was sufficient to pave a concrete 
road 18 ft. in width and of a length equivalent to 201% times the Lincoln 
Highway, extending from coast to coast. With the yearly production of 
concrete reaching so tremendous a total,-the quality of the concrete pro- 
duced assumes an important aspect. The lack of uniformity cannot be 
attributed to any lack of ability or general laxity on the part of those 
connected with the design, supervision, or manufacture of concrete mix- 
tures. In fact, there has been more recently a concerted and energetic 
effort to improve the quality and the uniformity of that quality which 
has been attended by some measure of success. 

Standard adequate methods of tests have been developed as regards 
the materials commonly employed for making concrete. By means of these 
tests, we are enabled to select with a great degree of assurance the water, 
the sand, the stone or gravel, and the cement which are required for the 
mix. We can at least ascertain the quality of the materials available 
and form definite judgment as to their concrete-making properties. There 
have been developed ingenious formulas or methods for combining these 
materials in such a way as to provide a definite quality of the resultant 
concrete. The designing of concrete mixes for various materials and for 
various purposes has reached a stage of perfection that leaves little to be 
desired for the present at least. Why then the deficiency of quality and 
uniformity in the concrete? To the close observer of construction methods 
as ordinarily practiced the answer to this question is quite apparent. 
While the theory of concrete and concrete materials has been subject to 
diligent study and research, we have failed to give the proper attention to 
the field methods employed on the job. We have neglected to give sufficient 
consideration to the practical construction processes commonly employed, 
to the equipment ordinarily used and its limitations, and to the field con- 
trol necessary to make a perfect product. 

Non-Umiformity Investigations—In the spring of 1924 the United 
States Bureau of Public Roads, being aware of the non-uniformity of the 
concrete entering into highway work in the various states where it admin- 
isters the expenditure of federal-aid funds, began the collection of data 


“Chief Engineer, Road Department Blaw-Knox Co., Pittsburgh, Pa. 
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which would indicate just how much uniformity was being obtained. 
Table No, 1 illustrates data which are typical of that furnished by a number 
of representative states. The states included in this tabulation employ 
what are considered to be advanced methods of construction. They have 
rigid specifications, excellent laboratories for testing and research, and 
are noted for their high quality of construction. Yet the quality of the 
concrete, as evidenced by the ranges of strengths of cores drilled from in- 
dividual pavements, demonstrated a surprising lack of uniformity; the 
maximum strength being often twice the minimum and more. Another 
state highway department which did not furnish the results of its tests 
in actual strengths, reported an extreme range of strengths from 34 to 174 


Taste I.—Dara on Non-Untrormity oF Concrere Srrencru as Re- 
VEALED BY DRILLED Corres: From 27 Stare Highway 


DEPARTMENTS. 
State A 71eB 

Projects ei nierwen scene 1 2 3 1 2 3 4 
Uy icles chee A bean Ee eae bs 1:2:4 1:2:34 $:2:3% | 1:52:33 1:2:33 1:2:34 1:2:33 
Average Strength............. 3209 2480 3950 4080 3910 4340 3960 
Minimum Strength.-.......... 2340 1800 2660 3660 2840 3060 3030 
Maximum Strength........... 4300 3360 5370 5050 5140 6420 5640 

State. Cc D 
Projectast aire 1 2 3 4 if 2 3 4 
INES Xoo acters assie essai 1:32:33 1:2:3% 1:2:34 1:2:33 12223 1:2:3 1:2:3 1:2:3 
Average Strength....| 4860 4520 4380 3900 4260 5220 4810 3900 
Minimum Strength. .| 4000 2380 3020 2460 3460 4140 3980 3020 
Maximum Strength. | 5680 6520 6570 5870 5140 5850 5980 5020 


per cent of the average strength, this occurring with drilled cores five 
months old at the time of test. The non-uniformity of concrete as illus- 
trated by these data is all the more striking when it is taken into consider- 
ation that on all of this concrete paving construction the highest type of 
field control prevailed, specifications were exact and more rigidly enforced, 
and every effort was put forth to make good, honest concrete for lasting 
service. 

The United States Bureau of Public Roads then circularized every 
state highway department in the country in an effort to secure an ex- 
pression of opinion as to the reasons for the non-conformity of concrete. 
Table No. 2 represents the consensus of opinion of the twenty-seven highway 
departments who had sufficient experience with concrete paving work to 
venture an opinion based on that. experience. From this table it will be 
seen at a glance that by far the greater number of suggested causes for 
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TABLE 2.—SuceEstep Causes FoR Non-UNIFORMITY OF CONCRETE: STATE 
Higuway DEPARTMENTS. 

1. Cement 
(a) Variation in cement from one plant 2.22.0... 0020000 eeeees 2 
(b) Variation between different brands of cement .............. 3 
(c) a Storage iofvcement moa ges ctr: see teecrete Retort tei ne ae atta 1 

2. Water 
(a)? Variation! tin quality Sse cette ree etcetera 2 
(b) “Acidity or*alkalinitiy (aes ees ne ee tee eee ar tree error ere reae 2 

3. Aggregates 
(a)- Variation -in’ cleanliméess@teqaneis meee ins: neler cieta aurea ee eres 2 
(b)° Variation “in. quality—seacer a. meserere moe tices teense eee tee 2 
(ce) Varlationtiniprading oe. oc ecient atta sea cere eee eed 7 

4. Construction Processes 
(2) SVariation in consistencya Ob COUChe CCM rem ett fart eter 21 
(b) Inaccuracy of meadsuringsageregates eancceite seen reeret een 12 
(c) Segregation of coarse aggregates in stock piles .............. 2 
(d)” Bulking of “sand idtie*to moisture: ay npcae tee eee 5 
(e) Segregation of concrete in mixer and in pavement ............ 5 
(£)" Variation=in time of: mixing: eee eee eee een eee 9 
(g)> Oversanding -o.3 ii ies cone oats tere eee one ee aa eee ae 1 
(h) Arbitrary “proportions 2s sy-ckneirs eco ene ates anes 2 
(1) (| Insuffictenttamping yaa: ops asians ey Nenatnetenera epee renee 5 
(j) Toosmuch stamping) \. chia .cm saa Ree as ee ee ee 1 
(k)> Usecof ‘boom -andebucketaon mixer siento ene 1 
(l)e Varlable™cement. factor 24 toc soe eee ee ee en ere ] 
(mm) Hiquipment: in poor condition s.r eee eee ete I 
(n) Variation im manipulations of concketes neces eee ere 4 
(o)” Variation! im ‘thickness, of pavement). a4 eae eee Il. 

5. Curing 
(a) Variation due to; wet.and dry subgrades an. aia nena 1 
(b) One section shaded, another exposes to sun ................-. 1 
(¢e) Non-uniform “curimgs yest nice. corte oe rere iiice a eee 6 
(d) Variation in nature of material used for cover .............. 1 
(e)” Variable absorption otssuberad Guar crie teak reine eae 2 
(f£) Imadequate Jcuring Fo. rcesie erst crs eierne cress he eee ee een eee 5 
(g)) Absorption by <diry. Sulboard Greist petere tier ean enn 1 
(h) Temperature changes during construction period ............. 3 
(i) Rise or fall of temperature during setting period ............ 1 
(j,). Weffeet: of freezing oe s.% seer scl opeiega sta ete eee ea 2, 
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non-uniformity fall under the heading of construction processes. In fact, 
the suggestions under this heading are almost twice as numerous as those 
under all the other headings combined. It is pertinent to note particularly 
that twenty-one states pointed to the valuable consistency of concrete as 
a contributing cause of non-uniformity. No other single defect received 
such unanimous acclaim, 

Thoughts on Concrete Making—To overcome the undesirable results 
previously referred to, we must for the time at least turn from the thought 
on the theory of concrete to the more practical aspects of its manufacture. 
We should guide our research in such a manner ag will result in improved 
methods and equipment for construction. The methods and equipment 
have never been developed to such a point as to counteract adequately 
the disconcerting variables and conditions encountered on the job. We 
have been making concrete in a somewhat haphazard manner and have 
required a large factor of safety to insure safety of the structure. Even 
so, failures have been altogether too numerous. This sort of practice is 
not only undesirable, but utterly lacking in economy. 

The manufacture of concrete consists of the mixing together of the 
necessary suitable ingredients in their proper proportions. The concrete 
is then transported and placed in the structure and allowed to harden 
with protection against rapid drying out and extremes of weather and 
temperature. Stated in this manner, the proposition does not seem to 
involve any great complexities, yet there are conditions which introduce 
difficulties in accomplishing efficiently what appears to be so simple a 
process. 

Not many years back the common practice in measuring the aggregates 
for the batch was by wheelbarrows or similar conveyances. Aggregates 
were stored on the ground and became mixed with dirt. These conditions 
still prevail in some localities, but they are being rapidly replaced either 
by measuring boxes, which are filled from overhead storage bins and struck 
off by hand, or by automatic measuring devices which are also filled from 
overhead bins and are automatically struck off to a constant level. These 
advanced schemes of measuring aggregate provide more constantly accurate 
measurements of the materials for each batch and permit cleaner aggregates 
to enter the work. In addition to this advantage, it has been found from 
experience that automatic measuring devices also provide for time and 
labor-saving on the job. For this reason equipment of this kind has found 
its way into construction work where it is not required by the specifica- 
tions for the work. Together with these measuring devices, a calibrated 
tank attached to the mixer or independent of it, delivers a predetermined 
amount of water to each batch of concrete. Yet even with these refine- 
ments of construction, there are important variables which are now fully 
recognized and which have a direct effect on the strength and quality of 
the concrete. 

Effects of Sand Bulking—The variable bulking or swelling of sand, 
due to a fluctuating moisture content upsets the apparently correct volu- 
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metric measurements of the fine aggregate to a remarkable degree. It is 
possible to make volumetric adjustment for the bulking (as is being done 
on some work), but the degree of accuracy and uniformity of the measure- 
ments would depend entirely on the close inspection and tests of the fine 
aggregate as it was being used. It would be necessary to vary the adjust- 
ment for bulking with the variable bulking. This may involve the neces- 
sity of making numerous troublesome changes in the volume of fine aggre- 
gate and in the measuring equipment. The construction year just past 
has seen a large amount of attention given to the measurement of fine 
ageregates with correction for bulking. A few examples of agencies 
who have only recently taken steps to compensate for the bulking of sand 
on concrete construction are the Missouri Highway Department, the Cali- 
fornia Highway Department, the Big Four R. R., the Pennsylvania R. R. 

The concrete bridge built at Becks Run, by the Pennsylvania R. R., is a 
notable example of what can be done with proper control of the construction 
processes. On this job automatic volumetric measuring devices were used, 
the bulking of sand was corrected, and the mix was proportioned in accord- 
ance with the fineness modulus scheme. As a result of these improved 
field methods it was found possible to produce, approximately, concrete 
of predetermined strength, with a reduced variation in the quality. 

In 1923 the Iowa Highway Department built two concrete paving 
projects measuring the aggregates by weight. As a result of this work, 
weight measurements were adopted as standard practice for 1924. The 
chief advantage to be gained from the weighing method is in the measure- 
ment of the fine aggregate for the mix. Bulking is automatically corrected, 
the sand being weighed out as so many pounds for each batch, with a 
proper correction for the weight of contained moisture. No other major 
advantage can be claimed for weighing. But today we find the practice of 
weighing has spread to other branches of general concrete construction, 
to some extent, and a number of highway departments are seriously con- 
sidering abandoning volumetric measurement for weighing. 

Control of Water.—But there is one striking variable which has a far- 
reaching effect on the quality, strength, workability, and economy of con- 
crete. That is, the measurement of the water for the batch. Even assum- 
ing that a constant amount of water is added to each batch of materials, 
the water-cement ratio would not necessarily be constant. The reason 
for this is the variable moisture contained in the aggregates, particularly 
the fine aggregate. 

On a paving job in Pennsylvania, with which the writer had personal 
contact, the amount of water contained in successive batches of sand varied 
from 3 to 10 per cent by weight. With a six-sack batch of a 1 : 2 : 3 mix, 
the water content of the individual batches of sand in a four-compartment 
truck would vary from 30 lb. to 95 lb. This means that a variation of 
more than a cubic foot of water per batch actually existed as the batches 
came to the mixer. 
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Even a good mixer operator is helpless as far as making an accurate 
correction for this variation is concerned. More often no correction of any 
kind is made, the same amount of water being added to successive batches 
and a variation of almost two-tenths in the water-cement ratio results. 
Under such conditions weighing of the aggregates would be of practically 
no value in connection with the control of the water for the mix. 

Inundation.—A construction process of recent development accom- 
plishes for the art of making concrete that which is most desirable as re- 
gards the accurate and uniform measurement of the fine aggregate and 
water. This process is termed “inundation”—and it consists of measuring 
the sand and water for the mix simultaneously and together in the one 
container or measuring device. 

It has been demonstrated beyond doubt that when sand is measured 
in, an immersed or inundated condition, the bulking action is automatically 
destroyed and the volume of the inundated sand is closely comparable to 
the volume of the same amount of sand in a dry condition. Further, the 
amount of water required to inundate a constant volume of a given sand 
always remains constant. This is true regardless of whether the original 
condition of the sand prior to inundation was dry, moist, or saturated. 
It can be readily seen that with inundation properly adapted to concrete 
construction, two distinct advantages accrue; first, the constantly uniform 
measurement of the fine aggregate and, secondly, accurately uniform meas- 
urement of the water for each batch. Thus two of the most troublesome 
constructional difficulties are solved with one stroke. 

It is thought by many engineers that the volumetric measurement of 
sand in a loose, bulked condition is on the side of safety, because it results 
in a richer mortar and, therefore, a stronger concrete. This theory is not 
supported by the results of tests conducted by the United States Bureau of 
Public Roads in 1924 on sample batches of concrete made up with sand 
measured dry, and moist sand measured loose. These test results indicated 
definitely that for ordinary mixes the concrete made with the sand meas- 
ured in a dry condition was equally as strong, and in most cases stronger 
than the concrete made with bulked sand measured loose. Both gravel 
and broken stone concrete were used in these tests. Further, the difference 
in yield was approximately 8 per cent with the advantage accruing to the 
dry sand batches. Accordingly, with sand measured in an inundated con- 
dition there is a resultant economy with no loss of strength. This is ex- 
plained on the basis that the concrete made with the sand measured in a - 
compacted condition was denser and the increased density more than made 
up for the diminution in richness of the mortar. 

The equipment for the adoption of the inundation method to construc- 
tion has already been the subject of considerable study and experimenta- 
tion. Construction equipment to be successful must not only accomplish 
adequately the purpose for which it was reduced, but it must be rapid 
acting, labor saving, accurate, and durable. These requirements have 
placed a heavy burden on those engaged in developing the equipment re- 
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quired for applying the inundation method to the art of making concrete. 
Following are sketches showing various developments of the inundator, 
iogether with an explanation of their operation: 


FIG. 1.—INUNDATOR USED IN AND NEAR NEW YORK. 


This type of inundator has been used successfully on the construction of a 
large number of reinforced-concrete buildings in and near New York City, by 
the White Construction Co., who are the inventors of the process. The inunda- 
tion method of obtaining accurately the correct measurement of sand and water 
for the mix, together with the devices for accomplishing this are all covered by 

* Jetters patent. ‘A’ is a steel neck attached below the vpening in the bin bottom 
of the sand storage. ‘“B’ is a lever which operates a shaker gate in the neck 
“a” “QO” ig the water supply line. ‘‘D” is the inundator proper, which con- 
sists of a cylindrical steel container, with an overflow spout near the top, and 
a sand trap separating it from ‘‘E’”’, the chamber in which the excess water for 
each batch is measured. ‘“F” is a hand wheel which moves the bottom of 
chamber ‘“‘H”’ either up or down to adjust the water measurement. In operation, 
the operator turns a valve and fills the inundator with water to an arbitrary 
level, about half full. By working the lever “B’’ back and forth, the sand 
streams into the inundator from the bin until the container is full, the excess 
water overflowing from the spout and being carried off by the flume “J”. A 
latch is released and the inundator dumps, turning on the pivot “C” and dis- 
charging sand and water into the mixer hopper “H”’. 


a 
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FIG. 2.—ANOTHER VIEW OF INUNDATOR. 


Fig. 2 is another view of the proportioning plant, showing the other side 
of the inundator. The overflow spout is shown feeding into a wooden flume. 
This overflow spout is adjustable vertically on the inundator to vary its capac- 
ity. The batcher shown in the background was used for measuring the coarse 
aggregate volumetrically in an automatic manner. This plant, while applying 
the principle of inundation, does not provide the complete accuracy and auto- 
matic operation required for close control. It is possible for the operator, 
through carelessness, to over-charge the inundator. If the size of the batch 
were to be reduced, the overflow spout would be moved downward and an in- 
terior level used for measuring the volume of inundated sand. This is quite 


undesirable. 
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FIG. 3.—INUNDATOR SUSPENDED FROM BIN. 


In this view the inundator is shown suspended beneath the bottom of a 
steel storage bin and the adjustable auxiliary water measuring tank is shown in 
detail “G’’. In this installation the adjustment of the auxiliary water measuring 
device is a winch shown at ‘“H’’, which is operated by means of a handle. 
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The problem of adapting inundation to other than central plant mixed 
concrete has not as yet been completely solved. It will be realized that for 
highway work where the paver is on the road, practical difficulties are 
encountered in connection with the hauling of the inundated sand and the 
water for the mix. In addition, if the wet materials are deposited in the 
ordinary mixer skip and the cement is then added, it would involve con- 
siderable extra labor to make the skip discharge cleanly into the mixer 
drum. It may be that the inundated sand and water can be hauled out. to 
the mixer in watertight batch boxes. Substituting a batch hopper for the 
usual skip loader, a crane could hoist and dump the batch into the mixer 
hopper. The other alternative for employing the inundation method would 
be to construct pavements from a central mixing plant. The first weighing 
job in Iowa was a paving project some twenty miles in length, which was 
successfully built from central mixing plants. 

Inundation is the most logical and advantageous step of recent years 
to help in securing that most desired uniform quality of concrete. Uniform 
concrete means safe, dependable concrete. It means also better service from 
the structure and greater economy of construction. We can profitably 
turn our attention to the consideration and devising of ways and means 
to correct the faults atendant on concrete construction as practiced today. 
It would be of invaluable benefit if research were directed more along 
these channels for the development of superior schemes of controlling con- 
struction, and the investigation of better methods and equipment for con- 
crete construction. 


Mr. Jackson. 


DISCUSSION. 


F. H. Jackson (By Letter).—The author cites a survey made by the 
U. S. Bureau of Public Roads for the purpose of ascertaining the causes 
of non-uniformity of concrete in pavements as revealed by tests on drilled 
cores. He shows that of all the possible causes for non-uniformity which 
were advanced by 27 state highway departments, variations in construction 
process were by far the most numerous, and that among these the out- 
standing cause was variable consistency. I believe that variable consist- 
ency is the principal cause of non-uniformity. All recent investigators 
recognize the importance of this factor in controlling the strength of con- 
crete, so much so that we read that “one pint of water in a one bag batch 
over the amount required wastes as much as two or three pounds of 
cement.” The principle that the smallest amount of water consistent with 
the proper placing and finishing of the concrete should always be used has 
become almost axiomatic among engineers. So much for theory. 

When we come to the practical application of this theory, however, we 
find that, although great progress has been made within the last few 
years, there is still much room for improvement. One has only to remain 
a single day on the average concrete paving job to realize that the con- 
sistency of the concrete is far from uniform, and furthermore that under 
present methods of operation, it is not a simple matter either to make or 
keep it so. Let us consider a six-bag batch of 1: 2: 4 concrete. We will 
say that 12 cu. ft. of sand, as measured, weigh 1,000 lb., and contain 
4 per cent of moisture, a normal stockpile condition. We will also assume 
that under these conditions the mixer operator must add 260 Ib. (31 gal.) 
of water to obtain the desired consistency. The sand already contained 
40 lb. of water, making 300 lb., or 36 gal., the total water content. Sup- 
pose, now, the moisture content of the sand was increased by as little as 
2 per cent, other factors remaining the same. We automatically add 20 
Ib., or 2% gal. of water to our batch, thereby changing the water-cement 
ratio from approximately 0.8 to about 0.85. This may seem a very small 
change, but when we consider that it was brought about by a moisture 
change in the sand so slight as to be unnoticeable to the eye, we begin to 
realize some of the difficulties which the engineer on the job is up against 
in his efforts to maintain a uniform consistency. Anything which tends 
to cause a change in the amount of water required for a given consistency 
will, of course, change the amount of water which must be added to the 
patch. For instance, it is surprising how comparatively slight changes in 
the gradation of the coarse aggregate will affect the workability of the 
mix, and consequently the amount of water which the mixer operator must 
either add or leave out in order to keep his consistency constant. 
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TaBLe I.— Mecuanica, ANALYSIS Usrep mn ExprrIMents. 
Sand Number. 
Per Cent 
Between. 
A B Cc D 
Seley ae a ae ene ee 0 0 15 0 
ZAMS OFNOSLO ane ee nate ee AM ae eet 16 43 25 0 
INGHLOSCOONO M200 Poke cad Jk tea c ie 20 32 29 12 
INo-Z0oNNOnBU meta ee 24 uf 10 32 
Babe coor eO tie: Sees tian deed sd IPL ORE Wg, EN 9 3 5 13 
INOM40/COINO: 50! sedate cco on 13 5 7 ll 
WECoNO SOME ey een ria re eae mieae: epee 18 10 9 32 
Taste II.—Inunparion Tests or Sanp=1:2:4 Mix 
Sand. A B C D 
4060 4265 4285 3840 
4980 5125 5150 4925 
920 860 865 1085 
102 102 104 106 
280 825 320 300 
1200 1185 1185 1385 
96 95 95 1.11 
3295 3330 3315 2725 
1025 1135 1260 1400 
4320 4465 4575 4125 
4075 4210 4315 3890 
5020 5105 5145 4950 
247 255 260 235 
700 640 570 825 
947 895 830 1060 
105 104 102 108 
260 300 340 300 
1207 1195 1170 1360 
97 96 94 1.09 
Taste IIJ.—Inunpation Tests or Sanp—1:3:6 Mix 
Sand. A B Cc D 
Witadnycand:(2500icc:)) anamsi re. wis cn Homes) niin ccc ck 4060 4220 4275 3825 
Wt: Saud when inundated, grams. ..2<+--.0..occses.+ sec. eel. 5000 5120 5140 4880 
Wt. water required to inundate, grams............................ 940 900 865 1055 
Hlowi(nundation .water-only) sj secs sone. 05. okekncccion ne: 108 125 118 108 
Wt. water required for 160 flow, grams........................... 260 240 265 240 
Total water required for 160 flow, grams.......................... 1200 1140 1130 1295 
Water-ceinont Tanlotenannemer cree wee, Pecatonica 96 91 90 1.04 
Wits OamMp cand: “prams ih Retr sta Satara (defi acres siceio eclen 3250 3330 3315 
Wt. datay sand required to fill inundator, grams...................} 1080 1240 1255 
ote luwi damp sand cramsae ee sh. hE ine ae WR ee ine 4330 4570 4570 


Actual weight sand, UIUS Mareen ceticr se ae een ee a iors A; 
Weight damp sand when inundated, grams........................ 
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Many laboratory investigators have shown that changes in gradation 
of coarse aggregate do not affect the strength to any great extent, as long 
as the voids are filled. This may be true under laboratory conditions 
where complete control is exercised over the amount of water used in the 
mix. No such rigid control over the water is possible in the field, how- 
ever, under present operating conditions. The result is that, although 
changes in gradation of coarse aggregate may not directly affect the 
strength of the concrete, they markedly affect the workability of the mix, 
and thus indirectly affect the strength. It is my opinion that variations 


Taste IV.—Compressive Strencru—7 Days: 6-1N. By 12-1N. CYLINDERS. 


1:2:4 Mix. 1:3:6 Mix. 
Sand. 

Wet. Dry. Wet. Dry. 

840 906 366 330 

AS WelliGradedi fa haces et prniterste aa denesxrateeene 728 763 300 3871 
740 730 375 275 

769 800 347 325 

| 650 800 339 388 

B=—Coaree oss cunaz <gics uate niaasoteeee anelet 591 820 369 370 
\ 588 778 ees hes 

610 799 354 379 

(Leese 896 398 345 

C=16 per cent: Oversizes.0.e vise nce) tetera acts 4 793 812 383 314 
t 812 1067 373 278 

829 925 375 312 

: 631 849 335 305 
DSP ineiivacs se nea tensa ae te eee ea shee 776 835 376 309 
796 307 267 

703 827 339 294 


in moisture content of sand and gradation of coarse aggregate affect the 
quality of the concrete largely because of their effect on the water require- 
ments of the batch, and that until we have provided some means of secur- 
ing uniformity in both items, it is impossible to have absolutely uniform 
concrete. 

Having in mind the possible future application of the inundation 
method of measuring sand to road construction, the Bureau of Public 
Roads recently conducted a short series of tests to ascertain to what ex- 
tent the amount of water required to inundate the sand took care of the 
water requirements of the concrete in which the sand is to be used. Sands 
of four different gradings were employed in the experiment, as well as 
concrete of both 1: 2: 4 and 1: 3:6 mix by volume. Well graded gravel 
between 14 and 11% in. in size was used for both mixes. The sands varied 
from extremely coarse to very fine, and the gradings are shown in Table 1. 
Two sets of specimens were made: one in which the sands were inundated 
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when in an air dry condition, and the other in which the sands contained 
6 per cent moisture previous to inundation. Table 2 shows the relative 
amounts of water required to inundate each of the four sands both in the 
dry and damp condition, as well as the amount of additional water re- 
quired in each case to produce a flow of 160. It will be observed that in 
all cases that the amount of water to be added to produce a consistency of 
160 flow was approximately the same, regardless of the initial moisture 
condition of the sand. This fact, as has been pointed out, is of interest in 
view of the influence which the moisture content of the sand has upon the 
water requirement of the concrete when proportioned in the ordinary man- 
ner. It will also be noted that the amount of water required to inundate 
the sand is always considerably less than the total amount required to 
produce a workable consistency. This holds true for all four gradings of 
sand and for both mixes. This fact is also important in connection with 
a study of the inundation method because if it were not true, it would be 
necessary to withdraw water from an inundated sand before mixing the 
concrete. These laboratory investigations were of course made on a small 
scale, using only small quantities of materials. It would be of interest 
if figures were available showing just what degree of accuracy was pos- 
sible under field conditions. 

As the author states, the practical application of the inundation 
method to paving work is not apparent at this time, except insofar as 
central plant mixed jobs are concerned. Ways and means for surmounting 
the practical difficulties involved will, however, probably be worked out 
in the near future. In this connection it should be borne in mind that 
inundation is not the only method which may be used for correcting the 
bulking action of damp sand. The same result may be accomplished by 
weighing the sand as is done in Iowa on paving work, or by simply cor- 
recting the volume of the measuring device to compensate for the bulking 
action. The inundation scheme is, however, as far as I know, the only 
method whereby the effect of variations in moisture content of the sand 
are cared for automatically. 

In conclusion, I wish to second Mr. Levison’s plea for a concentration 
of effort along the lines of practical field control of construction process. 
Let us learn not only how to design and make uniform concrete in the 
laboratory but also how to make it more uniform in the field. Much 
progress along this line has been made within the past year or two in the 
general construction field. Why should not similar investigations of im- 
proved methods of field control be initiated in the highway field? It is 
only by so doing that we will reap the full benefit of the splendid research 
work which has been done. 


—— en 


Mr. Crum. 


Mr. Ahlers. 


Mr. Levison. 


Mr. Egelhoff. 


DISCUSSION. 


R. W. Crum (By Letter).—We are much indebted to Mr. Levison for 
his clear presentation of the necessity for improvement in construction 
methods, and description of the apparatus used for the inundation process. 

It is unquestionably true that our knowledge of the science of concrete 
mixtures is far ahead of the art of actually making the concrete, and a 
most important duty right now is to develop methods for taking full ad- 
vantage of our scientific knowledge. The first step that must -be taken is 
to provide for accurate and uniform measurement of the ingredients for 
the concrete, and this we now realize means the water as well as the cement 
and aggregates. Accurate measurement of the aggregates is a simple 
problem easily solved. They can be weighed or, the sand can be measured 
in an inundated condition as described by Mr. Levison. Improvement in 
water measuring devices is sorely needed. Last summer some studies were 
made on two paving jobs in lowa, of the water-cement ratio of the concrete 
as actually laid. The aggregates were weighed and a reasonably careful 
attempt was made to keep a uniform consistency, yet in 38 determinations 
the water-cement ratio varied from 0.684 to 1.072 on one job and from 
0.648 to 0.959 on the other. ‘This range in water-cement ratio is enough 
to cause a variation in strength of 100 per cent. Some new deyice for 
measuring water must be developed to cure this condition. 

The “inundation method” offers such a device for central mixing plants 
for there is no question but that sand-and water can be accurately meas- 
ured together in the same container. Whatever device is used for measur- 
ing the water must be readily adjustable to allow for variations in the 
moisture content of the sand. I feel sure that with the general realization 
of the necessity and demand for accurate measuring apparatus that our 
equipment men will produce the needed machinery. 

Mr. AuHLERS.—Is this inundation method applicable to premixed 
aggregates? 

Mr. Leyison.—I would say that the subject has not been investigated 
to such an extent that an answer to that question can be given definitely. 

R. F. EerLHorr.—The inundation method as described no doubt is a 
great advance in the production of good concrete on the job, still there 
are some items unexplained in the matter of water control. One of these 
is the water content in the gravel. We know that after a rain our gravel 
contains a great deal of water, both through absorption and outside coat- 
ing. This would be something worth while investigating with an idea to 
devising some way of measuring that water content, thereby getting a closer 
control on the water. 
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DISCUSSION, 


Pror, SLarer.—The question was asked whether the inundation method 
would apply to premixed aggregates. I cannot answer the question finally, 
but I suspect it would not, because you would come up against the case 
where it took more water to inundate the total aggregate than required 
in the concrete, and you would have to get some of the water out of it 
after you inundated it. 

Mr. Levison.—Inundation was used on the Mare Island Navy Yard 
work under conditions where more water was required for inundation than 
was required for the consistency of the concrete. The process resorted to 
was drawing off some of the water after the batch was inundated and 
measuring the water drawn off as a fraction of that required for inunda- 
tion. Then they went ahead with the batch. 
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Prof. Slater. 


Mr. Levison. 


PROPORTIONING CONCRETE IN Propucts PLANTS.* 


By Stanton WALKER.} 


Introduction —The manufacturer of concrete products has unusually 
favorable opportunities for controlling the quality of his product with 
precision. He has a permanent plant, protected from the elements. Ample 
space is generally available for storage of aggregate and cement. He is 
able to choose from available materials, and by reason of the steady 
market which he establishes, he can demand the kind of materials needed. 
Frequently he produces his own aggregate, in which case its quality and 
uniformity is limited only by the quality of the supply and the attention 
which he is disposed to give to it. 

The adoption of uniform standards for concrete products throughout 
the country, particularly for building block and tile, tends to place com- 
petition on a price basis rather than on a quality basis. This is as it 
should be. There is no advantage in making a 2000-lb. block if a 1000-lb. 
block meets all requirements, neither is it good business to make only 15 
cr 16 blocks per sack of cement if 20 or more equally good blocks can be 
made merely by the expenditure of a little effort toward proper selection 
and grading of aggregate. | 

The purpose of this paper is to point out methods by which products 
of the necessary quality can be uniformly produced at the least cost. These 
methods have been developed at the Structural Materials Research Labora- 
tory, which during the past nine years has carried out many thousands of 
tests on the effect of grading and quality of aggregate, quantity of cement, 
quantity of mixing water and related factors as a part of its study of 
concrete and concrete materials. Similar investigations have been carried 
out at many other laboratories. 

Water-Ratio Method of Proportioning Concrete.—The most far-reach- 
ing result of these researches was the development of the water-ratio 
theory which affords an accurate method for proportioning concrete. This 
method has for its basis the fact that the strength of concrete is fixed by 
the ratio of volume of mixing water to volume of cement in the concrete. 
The smaller the water ratio, the higher the strength. 

It has long been common knowledge that for definite conditions of 
manipulation, curing, workability and age, the strength of concrete is 
fixed by the following three factors so long as the concrete is workable, 
and so long as clean and durable aggregates are used: 


Size and grading of aggregate; 
Quantity of cement; 
Consistency of concrete. 


*This paper, presented before the 1925 convention of the American Concrete 
Institute, was accompanied by a demonstration of tests of aggregates. 

yAssociate Engineer, Structural Materials Research Laboratory, Lewis In- 
stitute, Chicago. 
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The development of the water-ratio theory showed that the use of 
coarser aggregates up to the limit of workability, the addition of more 
cement, and the use of drier concrete within the limit of plastic mixes in- 
crease the strength only because the quantity of mixing water required is 
reduced. 

An almost indispensable corollary to the water-ratio theory is the 
definite relation between quantity of mixing water required for given con- 
ditions and the grading of the aggregate as measured by the fineness 
modulus. 


Size of 
Clear Opening, 
Sieve No. Inches 
100 .0058 
48 -0116 
28 .0232 
14 -046 
8 .093 
4 .185 
36 in. 375 
3% in, 15 
1% in. 1.50 


The important characteristic of these sieves is that each has a clear 
opening double that of the next smaller sieve. 

The fineness modulus can be used to estimate the effect of changes in 
grading of aggregates on the strength of concrete, since it fixes the quan- 
tity of mixing water required. For a detailed discussion of water-ratio 
and fineness modulus, see Bulletin 1 of the Structural Materials Research 
Laboratory, “Design of Concrete Mixtures,” by Duff A. Abrams. 

Tests of Concrete Products—Most of the researches from which these 
fundamental laws were developed were carried out on plastic mixtures. 
During the past three years, however, a number of series of tests on ma- 
chine-made block, brick and tile have been carried out in concrete products 
plants. These investigations included tests of the effect of size and grading 
of aggregate, quantity of cement, plasticity of concrete, type of aggregate, 
curing condition, time of mixing and age at test. They showed that the 
strengths of machine-made products follow with minor variations, the laws 
developed from tests of plastic concrete except where the consistency of the 
concrete is involved. For plastic mixtures the strength increases as the 
concrete becomes drier, up to the limit of workability; beyond this point 
the strength drops off owing to the difliculty of placing the concrete in a 
compact mass, In machine-made products it is necessary to use a mixture 
dry enough to prevent the unit from sagging on removal from the machine. 
Under this requirement the maximum quantity of mixing water which can 
be used is approximately equal to, or slightly less than the amount which 
produces maximum strength. Consequently in concrete products manufac- 
ture the effort should be to use as wet a consistency as conditions permit. 
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The following brief statements summarizing the results of tests of 
building units will be of interest: 

(1) Mixtures containing coarse aggregate gave strengths in concrete 
building units as much as 75 per cent higher than those made with sand 
alone. Gradings of aggregate which gave the highest strength for a given 
quantity of cement in general, produced. block haying a rough surface 
texture. 

(2) Increasing the cement content increased the strength in the pro- 
portion of about 1 to 2 per cent for each 1 per cent of cement added. A 
1:4 mix (about 12 8x8x 16-in. blocks per sack of cement) will, under 
average conditions, produce two to three times the strength obtained from 
a 1:8 mix (about 20 §x8x16-in. blocks per sack). 

(3) The use of as wet a consistency as possible without causing the 
blocks to slump appreciably on removal from the machine gave in certain 
tests 25 to 50 per cent higher strengths than for the extremely dry mix- 
tures. This was undoubtedly due to the fact that the wetter mixtures 
could be compacted better than the dry ones. 

(4) The type of aggregate, so long as it was clean and structurally 
sound, had little effect on the quality of the product except insofar as it 
affected the workability and quantity of water required. Considerable 
amounts of dust in aggregates may in some cases improve the quality of 
the product due to the better workability obtained. 

(5) The most favorable condition for curing was in a moist atmos- 
phere of reasonably high temperature (100 deg. F. or more). It appears 
from these tests that the introduction of dry steam or high pressure steam 
into a curing room should be avoided. 

(6) Mixing the concrete 2 to 3 minutes increased the strength of 
products about 35 per cent over the strength produced by 1 minute mix- 
ing. An earlier investigation of plastic concrete mixtures showed similar 
results. 

(7) Products of average mixes cured in moist steam 24 hours and the 
remainder of the time until test in air, showed the strength at 7 days to 
be about 70 per cent of the 28-day strength. The ratio of the strengths 
at different ages varied with the quality of the concrete, 

Selection of Proportions for Concrete Products.*—The chief purpose of 
this paper is to describe methods of testing and proportioning aggregates 
to make the best use of available materials. The selection of proportions 
for plastic mixtures is greatly simplified by the fact that the method of 
placing the concrete has relatively little effect on its strength. Conse- 
quently, the proportions can be selected with a fair degree of accuracy 
from the average results of tests carried out in a laboratory. In the case 
of machine-made products, however, the method of manipulating the con- 
crete plays such an important part in the strength of the product that, in 
the light of information at present available, it-is desirable for each manu- 


*For a more comprehensive discussion of this subject, see “The Manufacture 
of Conerete Masonry Units,’ published by the Portland Cement Association. 
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facturer to carry out tests over a wide enough range in mixtures and 
gradings of available materials to establish the proportions which will 
produce the desired strength at least cost. 

The proportions for these tests should be expressed in terms of volume 
of mixed aggregate measured under standardized conditions (dry and 
rodded) an fineness modulus. They can then be reproduced readily, even 
though the grading of the available aggregates should change. 

Suppose, for example, that experiments show that one sack of cement, 
5 cu. ft. of sand and 3 cu. ft. of pebbles (aggregates measured damp and 
loose) are required to produce the quality of unit desired with the aggre- 
gate available. The first step toward placing this information in the 
desired form is to reduce the given volumes of aggregate to standard con- 
ditions of measurement. This is necessary because the amount of actual 
aggregate contained in a given volume measured damp and loose may vary 
as much as 25 per cent due to the presence of moisture and method of 
measurement. 

A simple method of determining the difference in volume of materials 
measured damp and loose under plant conditions and the volume measured 
under standard conditions is as follows: 

Fill a convenient measure having vertical sides (preferably cylindrical 
in form) with the aggregate in such a way that job conditions are dupli- 
cated as nearly as practicable, strike off, and weigh. Dry and weigh the 
entire sample. Replace the dried sample in the vessel in three layers, 
rodding each layer 25 to 30 times with a %-in. round rod pointed at the 
lower end. Level and measure the depth of aggregate in the vessel. (This 
method of placing the aggregates in the moisture conforms to the method 
recommended by the American Society for Testing Materials for deter- 
mination of unit weights.) This percentage of bulking and moisture con- 
tent may now be calculated. Suppose that a vessel 11 in. deep is used, 
‘that it holds 18 lb. of moist sand, and that after drying the sand weighs 
17 lb. and fills the vessel to a depth of 8%4 in. 


1S en 
The moisture content is =— = 0.059 = 5.9 per cent. 
17 17 
; 11—8.75 2.25 
The bulking of the sand is = = 0.26 = 26 per cent. 
8.75 8.75 


For this percentage of bulking the 5 volumes of sand measured damp 
and loose as assumed in the problem, represent only 4 cu. ft. of dry and 


rodded sand. 
5 
(;. iy ) 
1.26 


Assume that the bulking of the coarse aggregate due to moisture and 
method of measurement determined by the same method was found to be 
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10 per cent. Then the 3 cu. ft. of pebbles occupy 2.7 cu. ft. measured dry 
and rodded. The mix, therefore, expressed in terms of dry and rodded 
separated aggregates is 1: 4: 2.7. 

The next step is to determine the volume occupied by 4 cu. ft. of sand 
and 2.7! cu. ft. of coarse aggregate after they are mixed. This can be 
done most conveniently as follows: 

Determine the weight per cubic foot dry and rodded of each of the 
separate aggregates. This information can be obtained from the bulking 
test just described, if the volume occupied by the dry and rodded materials 
is determined. To obtain the unit weight of the mixed aggregate (dry 
and rodded) mix a sample in the proportion of 4 volumes of sand and 2.7 
volumes of coarse aggregate, rod these into the measure in three layers as 
before, and weigh. Assume the following data were obtained from these 
determinations: 


Unit weight of sand, dry and rodded = 112 Ib. per cu. ft. 
Unit weight of coarse aggregate, dry androdded =110 Ib. per cu. ft. 
Unit weight of mixed aggregate, dry and rodded = 123 Ib. per cu. ft. 


The total weight of 4 cu. ft. of sand and 2.7 cu. ft. of coarse agegre- 
gate is 745 lb. (4.0 X 1124+ 2.7 K 110). This equals 6.1 cu. ft. of mixed 


745 
aggregates Roraae 
( 123 
umes of mixed aggregate is, therefore, 1: 6.1. 
The next step is to find the fineness modulus of the separated aggre- 
gates, from which the fineness modulus of the mixture can be calculated. 
The results of sieve analyses assumed for this problem are as follows: 


Amounts Coarser than Hach Sieve 
Percent by Weight 


): The mix expressed in terms of dry and rodded vol- 


bs Sieve No. Sand Coarse Aggregate 

100 98 100 

48 90 100 

28 58 100 

14 36 100 

8 20 98 

4 3 97 

3% in, 0 19 

Fineness Modulus* 3.05 6.14 


The fineness modulus of the mixed aggregate is calculated by multiply- 
ing the fineness modulus of the fine aggregate by the percentage of fine 
in the combined aggregate and adding to this value the product of the 
fineness modulus of the coarse aggregate and the percentage of coarse. 


4 4 
The percentage of sand in the mix is ————— — = 60 per cent. The 


44.2.7 6.7 
percentage of coarse aggregate is, then, 40 per cent. 


*Sum of the percentages in the sieve analysis, divided by 100, 
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Therefore, the fineness modulus of the mixture is: 
0.60 X 3.05 + 0.40 & 6.14 = 4.28. 


The proportions may now be stated as 1 volume of cement and 6.1 
volumes of mixed aggregate measured dry and rodded, having a fineness 
modulus of 4.28. These are basic values and can be reproduced with 
different materials. 

Suppose now, for example, that new aggregates having the following 
characteristics are received: 


Sand 
Bulking due to moisture and method of measurement, per cent 30 
Unit weight, dry and rodded, lb. per cu. ft. .:./..:5......... 105 
JMAO NES TMCS) Done beaded do badness dwolmcdodmo ode 2.40 


Coarse Aggregate 
Bulking due to moisture and method of measurement, per cent 5 
Unit weight, dry and rodded, lb. per cu. it. .......-.......- 108 
OMAS WOOGIE! Giga ooo mas bean oouoetoododoLUacoaD om ae On 5.90 


The proportions in which to mix these aggregates to produce a fine- 
ness modulus of 4.28 are calculated from the following simple relation: 


Al—I1B 


p = 100 
A—O 
where p—volume of the fine aggregate expressed as per cent of the 
volume of fine and coarse measured separately ; 
A = fineness modulus of coarse aggregate; 
O — fineness modulus of fine aggregate; 
B — fineness modulus of the mixed aggregate. 


5.90 — 4.28 1.62 
Substituting, p — 100 


=o = 46 per cent; the per- 
5.90 — 2.40 3.50 


centage of the coarse aggregate is 100-46 — 54 per cent. 


The volume of separated aggregates required to produce 6.1 volumes 
of mixed aggregates is determined as follows: 


Determine the weight per cubic foot, dry and rodded of these aggre- 
gates mixed in the proportions of 46 per cent fine and 54 per cent coarse. 
Assume that this is found to be 125 lb. per cu. ft. Therefore, 6.1 cu. ft. 
of the mixed material weighs 6.1 X 125—760 lb. The weight of 0.46 cu. 
ft. of sand and 0.54 cu. ft. of coarse aggregates is 106 Ib. (0.46 & 105 + 
0.54 108). Then 7.2 cu. ft. of the separated aggregates measured dry 
and rodded ‘in the proportions of 46 per cent fine and 54 per cent coarse 


760 
will be required to produce 760 lb. ( oe } Therefore, the volume of sand 
106 
is 3.3 cu. ft. and the volume of coarse aggregate is 3.9- cu. ft., giving a 
mix in terms of separated materials dry and rodded of 1: 3.3: 3.9. 
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To express these proportions in terms that will be used in the plant, 
the calculated volumes of aggregate must be corrected for bulking. 

In this case, the sand was found to bulk 30 per cent over the dry and 
rodded volume and the coarse aggregate 5 per cent, The volume of sand 
measured «damp and loose which will be the equivalent of 3.3 cu. ft. meas- 
ured dry and rodded is, therefore, 130 per cent of 3.8—4.3 cu. ft. Simi- 
larly, the damp and loose volume of pebbles is 4.1 cu. ft. and the mix which 
should be used with this new material, expressed in terms of plant con- 
ditions is 1: 4.3: 4.1. 

It should be pointed out that the value of fineness modulus of aggre- 
gate which produces the best results depends chiefly upon the maximum 
size of the aggregate, the larger sizes allowing the use of the higher values. 
In general, it is most economical to use as high a value of fineness modulus 
as plant conditions permit. 

The following table gives approximately the best values of fineness 
modulus for aggregates of different sizes: % 


Range in Size 


of Aggregate Fineness Modulus 
0—No. 8 2.75 
O0—No. 4 3.45 
0O—% in. 4.20 
0—Y% in. 4.60 
0—%, in. 5.00 


These will be found helpful in establishing a starting point for the 
experiments to determine plant “constants.” 


DESIGN OF REINFORCED-CONCRETE CIRCULAR BINS FOR THE 
STORAGE OF CEMENT. 


By H. A. Warp.* 


Introduction.—Circular concrete bins for the storage of material have 
been used in Europe for the past thirty years, chiefly for the storage of 
grain. Engineers in this country were loath to accept this type of con- 
struction, but the ravages of fire upon the wooden grain elevators and 
storage houses forced them to adopt a more fire-resisting building material. 
Steel, tile reinforced with steel rods and brick reinforced with steel rods 
have all been used in the construction of storage bins, but the advent of 
sliding forms gave reinforced concrete a chance to forge ahead of the 
other types of construction. Its lower cost and better fire-resistant quali- 
ties have by now practically eliminated other forms of storage bins. These 
silos that at first were pressed into use for housing grain have now been 
widely adopted for the storage of portland cement. The first bins of this 
nature were constructed for the Illinois Steel Co. in 1901 which were 
followed about eight years later by an installation for the Atlas Co. at 
Northampton. 

Scope.—It is the purpose of this paper to set forth a method of design 
that may be used for the structural members of circular bins where the 
depth of bin is at least one and one-half times the diameter. Only those 
features particularly pertinent to this subject will be brought out here. 
The requirements of design as set forth in the report of the Joint Commit- 
tee will be held to govern for the remainder of the design. 


Meruop or DESIGN. 


(a) General Assumption.—Portland cement comes within the class 
known as semi-fluids. It exerts lateral pressure and downward vertical 
pressure but not upward pressure. The cement contained in a deep storage 
bin is not an unlimited mass such as is assumed when designing retaining 
walls for earth pressure but is restrained by the walls of the silo. 

In seeking a method of design it is only natural that we refer to the 
action of some other member of this family of semi-fluids, such as grain, 
where longer acquaintance has given greater knowledge, keeping on the 
alert for characteristics that vary. 

H. A. Janssen, of Bremen, Germany, has developed a formula for the 
design of circular bins which has been extensively used for grain and 
is equally applicable to cement for determining the lateral and vertical 
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pressure at any point. This formula is clearly set forth in Professor 
Ketchum’s book on “Walls, Bins and Grain Elevators.” 


W — 'h 
L= a (1 —e = (Formula No. 1) 


Where: 

V = Vertical pressure of cement in lbs. per sq. ft. 

L =Lateral pressure of cement in lbs. per sq. ft. 

W = Weight of one cu. ft. of cement. 

Area of Bin 

Perimeter 

p = Tan ¢/ = coefficient of friction of cement on the bin walls. 


R =Hydraulic radius = 


K = Ratio of horizontal pressure to vertical pressure at any point a 


e = The base of Naperian logarithm = 2.718. 
h = Depth of cement at any point. 

We will take the weight of packed cement in a bin, W as 98 Ib. per 
cu. ft. and in figuring the capacity of bins we will assume that a barrel of 
cement occupies 3.8 cu. ft. Conditions as to capacity required, size of 
building lot or bearing capacity of the soil determine the diameter of the 
silo and therefore R and maximum h. This leaves y’ and K for which 
values must be obtained. It is assumed that L and V are constant for 
all points on a horizontal plane. This is not quite true, as they will be 
constant for all points on the surface of a dome. 

(b) Action of Cement in Bins and Pressures Hapected.—The values of 
p’ and K can be obtained only from experiments. While a great many tests 
have been made on grain to establish these coefficients, experiments on 
cement have been very few. From those tests that have been available it 
appears that cement when first discharged into a bin from the mill flows 
out so that the surface forms a curve having a radius of about 78 ft. 0 in. or 
an angle of repose of 6 deg. at the bin wall. This angle of repose changes 
as the cement stands in the bin and in this respect it is unlike other semi- 
fluids. Gilbert & Barth’s experiments in 1906 on a small bin 3 ft. square 
and 4 ft. high showed considerable falling off in the lateral pressure 
after the cement had stood for an hour or so. Other tests have shown 
an angle of repose as high as 40 deg. If we let 4 = the angle of re- 
1—Sing 
1+ Sin ¢ 
value was determined by Gilbert & Barth to be 0.4. The depth of bin, 
condition of bin walls and varying angle of repose will give fluctuating 
values for K, but in general K is a maximum when ¢ is a minimum, and 
a minimum when ¢ is a maximum. By referring to experiments on fine 
grains, sand and ashes, we note that ¢’, the angle of friction of these ma- 
terials on concrete walls, follows very closely but a little behind the angle 
of internal friction ¢ and therefore we may assume that for cement ¢’ 
will be somewhat smaller than ¢. 


pose, an approximate yalue of K may be expressed by K = This 
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The problem that now confronts the designer consists in selecting from 
this variation of from 6 deg. to 40 deg. a value for ¢ that will produce a 
safe design for all members under all conditions. 

On Fig. 1 may be seen the curves representing three different designs 
for a bin 32 ft. 0 in. in diameter and 80 ft. high. Case No. 1 assumes an 
angle of repose ¢ of 6 deg. with ¢’, the angle of friction on the bin wall, 
as 5 deg. This gives K—0.81 and p= tan of ¢’ = 0.09. The depth of 
cement in the bin is shown in feet on the heavy vertical line of the left 
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FIG. 1.—THREE DESIGNS FOR BIN 32 FT. DIAMETER, 80 FT. HIGH. 


while the horizontal line represents the lateral pressure. Substituting the 
above values in Janssen’s formula produces lateral pressures for various 
depths which when plotted give the curve shown here for Case 1. The 


vertical pressure at any point — z This vertical pressure on the bin 


bottom when the bin is full has been indicated on the 80 ft. horizontal line 
by the number of the case within a circle. Thus for Case 1 the horizontal 
pressure at the bottom of the bin is shown as 4420 lb. per sq. ft. and the 
vertical pressure as 5450 lb. per sq. ft. which is lower than the total 
weight of a column of cement 1 ft. 0 in. square and 80 ft. high by 2390 lb. 
This difference between the actual dead-weight of. the cement and the 
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vertical pressure on the bottom is accounted for by the fact that some of 
the dead-weight of the cement is transferred into the bin wall itself before 
reaching the bottom of the bin. The amount of load carried by the bin 
wall is equal to the total lateral pressure against the wall multiplied by 
the coefficient of friction of cement on the bin wall. If P= the total lat- 
eral pressure on a section of the bin wall one foot long for its entire 
height then P ,’ will be the load carried by this one foot section of wall 
and from Janssen’s formula we have: 


WR R R K m | 
P= ee [ie + & ae e— R mula No. 2) 


P y’ multiplied by the perimeter of the bin will be the total load carried 
by the bin wall and if this be subtracted from the total weight of the 
cement and the result divided by the area of the bin, we have a pressure 
which is the same as the one previously worked out by dividing L by K. 

In the same way we have plotted on Fig. 1, Case 2 a curve for this 
same bin with values for ,’ and K corresponding to a condition where 
the cement has an angle of repose of 40 deg. The lateral pressure at the 
bottom for Case 2 is 1120 Ib. and the vertical pressure is 4000 lb. 

The lateral pressure in Case 2 is very much less than in Case 1 and 
we might expect, therefore, that the vertical pressure on the bottom 
would be greater in Case 2 than in Case 1, but this is not so. The cause 
in the decrease in lateral pressure lies in the fact that the angle of repose 
has changed, that there is more cohesion in the mass and it therefore has 
greater ability to stand up in steeper piles. This very increase in the 
angle of repose carries with in an increase in the angle of friction, and 
while the lateral pressure is falling off ,,’ the coefficient of friction is 
increasing so that the net result is a greater load carried by the bin walls 
and a smaller vertical pressure on the bottom. 

In designing a storage bin with the greatest economy and at the 
same time providing proper strength for maximum stresses it is obvious 
that neither Case 2 nor 1 is applicable but somewhere between these curves 
we can find a correct solution. 

The dash line on Fig. 1 represents lateral pressure figured on the 
fluid theory. The curve of Case 1 approaches this line and represents the 
pressure of the cement immediately after filling. Early designs on steel 
bins made by the fluid theory failed by crippling of the side walls as 
sufficient material was not allowed to take the compression caused by 
the load carried by the wall. In a deep bin requiring four or five days to 
fill, the angle of repose of the first day’s run has increased to almost its 
final degree by the time the filling reaches the top of the bin. The maxi- 
mum lateral pressure, therefore, cannot be as in Case 1 or even approach 
it but would lie closer to the curve of Case 2. During the period of 
storage, the pressure would be represented by Curve 2, but when the draw- 
ing off of the cement is begun the angle of repose is again changed and the 
lateral pressure increased. Grain experiments have shown that discharg- 
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ing of grain has raised the lateral pressure but not materially affected the 
vertical pressure and that the location of the discharge opening varied 
this increase in lateral pressure. Some lateral pressures where the 
spout opening was at the wall were increased four times their static 
pressure. We may expect results somewhat similar to this, although not 
so great in cement where openings are located at several different points 
in the bin bottom. 

With these points in mind, we have selected the following values for 
p> >’, p’ and K for producing a satisfactory design, both as to economy 
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FIG. 2.—LATERAL PRESSURE CURVES FOR VARYING DIAMETERS. 


of material and safety under a changing condition within the material 
itself: 


ro) se 2D deg. 
go’ = 20 deg. 
pe = 0.36 
10.4 


If these values are used in Formula 1 the lateral pressures will plot 
a curve as shown for Case 3 on Fig. 1 with a vertical pressure of 4130 Ib. 
which is less than Case 1 but greater than Case 2. By following this 
curve it may be noted that the increment in the lateral pressure is great- 
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est in the first 20 ft. of depth, thereby providing for maximum loading 
conditions in the upper part of the bin without penalizing the lower 
portion of bin wall for a condition that does not exist when the total lateral 
pressure is a maximum. 

Fig. 2 shows lateral pressure curves for bins 20 ft., 26 ft., 32 ft. and 
40 ft. in diameter with vertical pressures on the bottom shown on the 80- 
ft. horizontal line based on values for ,’ and K as 0.36 and 0.4. This 
shows that the smaller the diameter the greater is the proportion of 
total contents carried by the bin walls, so that if the diameter were 
increased indefinitely we would have an unlimited mass where the lateral 
pressure curve would become a straight line and the problem would be 
reduced to a question of retaining walls and K would then become 
1 —sin ¢. With the above values for ,’ and K we may now proceed to 
1+sn¢ 
a consideration of the design of the structure itself. 

(ce) Design of Circular Bin Walls—From Formula 1 we may obtain 
the lateral pressure at any depth in the bin. If W is in pounds and R& and 
h in feet, L will be the unit lateral pressure in pounds per sq. ft. Con- 
sider a horizontal section of the bin 1 ft. deep just above the bin floor. 
Divide this section on a diameter and consider only one-half of the section 
which is in the form of a semi-circle. The total thrust on this semi-circle 
tending to cause lateral motion in one direction is L, the pressure in 
pounds per sq. ft. times D, the diameter of the bin in feet. 

If we apply a force equal and opposite to L D the structure will be 
in equilibrium. There are two points of application of this force, one at 
either end of the semi-circle where the bin wall was cut by the diameter. 
The half of the section which we have not considered supplies this resist- 
ing force transmitted through the horizontal reinforcement. Then the 
stress in this reinforcement for a section 1 ft. high for one intersected 
wall only = a2 and this divided by the allowable unit stress in reinforce- 
ment gives the area of steel required in a strip of wall 1 ft. high. When 
this method is repeated at five-foot intervals to the top of the bin, we have 
the design of a series of bands of reinforcement for horizontally supporting 
the walls. Owing to great changes in temperature caused by the deposit 
of cement at very high temperatures and to the increase of lateral pressure 
by discharging from spouts near the side walls, the allowable unit stress 
on reinforcement should not exceed 18,000 lb. per sq. in. Where splices 
are made the steel should be lapped 60 diameters of the rod, or if flats 
are used 60 diameters of a rod with equivalent area. Vertical reinforce- 
ment consisting of 5g rods should be placed about 214 ft. apart to act 
as distributing steel and tierods. Where jackrods are used for sliding 
forms one vertical rod may be omitted for each jackrod. The steel is 
placed in the center of the wall. 

Consideration must be given to the thickness of the wall as much 
of the load is carried on this shell. In this connection a unit stress of 
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325 Ib. per sq. in. should not be exceeded for the compression on the con- 
crete. This, together with a possible increase in load while the cement 
is in storage, leads to the following formula for minimum thickness of 
wall which is derived from Formula 2 by substituting values for p’ and K 
based on an angle of repose at 40 deg.: 


t= not less than 7 in. 
¢ = not less than 


dicey wih eet: 
R [ ® ae zi TBP Searle | (Formula No. 3) 
40 


Where # and h are expressed in feet. 

Openings through bin walls that sever rings of steel reinforcement 
must have special attention and additional steel is to be provided below 
and above the openings to take the place of the steel that has been cut. 
This becomes especially important in the type of storage bin where the 
floor rests on ground and a conveyor tunnel pierces the bands of reinforce- 
ment. Here it is necessary to pick up the severed rings of steel and 
anchor them securely to a vertical girder transmitting the tension in these 
rods to a point above and below the tunnel opening. At these points 
additional horizontal ring steel tie the ends of the vertical girder on one 
side of the tunnel to the ends of the corresponding girder on the opposite 
side of the tunnel. 

(d) Design of Bin Floor Slab.—Two types of storage bins are in use 
today, one wherein the main portion of the floor rests directly on the 
earth and a conveyor tunnel is used to withdraw the cement. The other 
form and the one most in use consists in carrying the bin floor at a 
sufficient height above a working or conveyor floor to spout the cement 
from the bins into a series of parallel conveyors. In the first type after 
we have satisfied ourselves that the earth has sufficient bearing capacity 
to carry the load we are concerned with only that portion of the floor 
coming over the tunnel which after we have determined the external load 
becomes a matter of standard design. 

In the second case we have the bin floor supported on longitudinal 
walls spaced usually from five to eight feet apart. The design of the slab 
is made ag for ordinary construction using a bending moment of 1/12 wl 
for continuous spans. The bin outlet castings require large openings in 
the slab reinforcement and care must be taken to distribute the load with 
reinforcement onto the slab reinforcing steel. This same outlet cuts away 
concrete often needed in compression and therefore compression steel is 


required. 


In either type the load on the bin floor in pounds per sq. ft. is Yeas 


or the total weight of cement minus P ,’ times the perimeter of the bin 
divided by the area of the bin. 
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(e) Design of Foundations.—From Formulas 1 and 2 we may obtain 
the portion of load carried by the bin wall and by the floor slab. This, 
together with the dead-load, is transmitted either directly into the ground 
as in the case of the type of bin whose floor rests on the soil, or through 
foundation walls onto spread footings in the case of bins with a base- 
ment. The foundation walls are of two kinds: First, the circular walls 
which are a prolongation of the bin walls. These take the weight of the 
walls and a portion of the load from the bin contents together with a small 
seetion of the bin floor slab. They transmit, the load down to the spread 
footing as a bearing wall and do not require reinforcing except such as 
would be ordinarily required for temperature stresses. 

The second kind of foundation walls consists of the longitudinal walls 
supporting the floor slab. Where the maximum unit load on the ring wall 
footings does not exceed the bearing capacity of the supporting soil the 
treatment of these longitudinal walls is in no way different from the 
circular walls. Usually either the enormous-load due to the height of the 
bin or the poor bearing capacity of the soil requires that these longitudinal 
walls act as a distributing system to transmit the load over the whole 
area occupied by the bins. When this is the case these walls are to be 
figured as girders spanning from one circular foundation wall to the next. 
As it is necessary to have access from one bin to another, openings must be 
left in these walls preferably in the center of the span where least damage 
will be inflicted to that concrete taking shear. The opening must be kept 
down a sufficient distance from the top of the girder to allow the tension 
rods to act and far enough up from the bottom of the girder to give 
sufficient compression without requiring too much compression steel. Atten- 
tion must be paid to these walls, as they act as a balance wheel to the 
structure for change in loading due to the variation in the angle of 
repose of the cement. 

The spread footings under the ring walls and the longitudinal walls 
are handled as in standard construction. 

In the first filling of a group of these silos it is important to fill all 
silos gradually and evenly to prevent undue settlement and also cracking 
of walls from the heat of the fresh cement. 


Conclusions.—In closing this paper the following points are left for 
the consideration of those who in the future will conduct experiments in 
connection with this problem: 

1. An experiment should be conducted on an actual silo beginning 
with the filling of the bin and continued for a period of two months after 
the silo has been filled or until the cement has cooled throughout. 

2. Readings should be again taken before the cement is drawn off 
and continued throughout the emptying of the bins. 

3. This experiment should establish values for ¢ ¢’ and K and as 
these values will vary as the bin is filled care should be taken that the 
value of each function is derived from readings taken at the same time. 
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4. The records should show the time that readings are taken and the 
depth of the filling in the bin. Also the time when the cement starts and 
stops flowing into the bin. The diameter of the bin, the temperature of 
the cement and the degree of smoothness of the inside of the bin wall 
should all be noted. 

5. Experiments should be made on bins that have been filled and 
emptied at least twice previous to the time of conducting the test in order 
to avoid possible interference from caking of cement sometimes experienced 
in new concrete bins. 

6. In making a series of tests, bins should be selected that have 
different hydraulic radii. 


Mr. Dockstader. 


Mr. Ward. 


Mr. Dockstader. 


DISCUSSION. 


E. A. DocksTapER.—You said you limited the concrete stress, I be- 
lieve, to 325 lb. in compression in bin walls, to take care of increased 
loading as the bin was filled. I would like to know what the computed 
stress under maximum load was ; also when the cement is hot, what is its 
temperature. Is there not considerable stress in your circumferential or 
horizontal steel, due to the difference in temperature between the inside 
and outside of the bin wall? If the steel were placed near the outside of 
the wall, would it not act to better advantage to resist the stress due to 
temperature? What effect, if any, would such a position of the steel have 
on its ring action in resisting the bursting pressure? 


H. A. Warp.—In answer to the first question, the limit was placed 
on that not so much as the increased loading of the outside walls, as to 
keep that stress down. We are pouring a thin shell with sliding forms. 
Occasionally a pocket occurs in that bin form, or the concrete is very ir- 
regular. Now other things happen in connection with the pouring of those 
walls, and we feel that the tendency is to go to a larger diameter bin 
now rather than a small diameter, so we are really erecting a very thin 
shell at enormous height and we prefer to keep the stresses in that wall 
down rather than high, through an excessive thickness in the shell, by 
keeping this down to 325 lb. 

The second question with reference to the temperature of the cement— 
you have nothing as high as you would find in a chimney structure. 
Probably 200 deg. is the temperature. The temperature varies; it would 
be anywhere from 120 deg. to 300 deg. going into the bin. This high 
temperature stays in the bin for months, but more in the center of the 
bin and the heat does not appear on the outside of that bin. It is cooled 
from the outside in, and undoubtedly there is some tension put on those 
rods. Now the reason that we keep the steel as near the center as possible 
and not toward the outside is that in springing the steel around, especially 
in small diameter bins, there is a tendency for that steel to spring toward 
the outside, and we are afraid of getting this too near the surface where 
corrosion will start and immediately you will have popping of the concrete, 
spalling off of the concrete, and then it is only a question of time how 
long those bands are going to be useful. Of the two, I would rather see 
it nearer the inside and stress the steel beyond the 18,000 Ib. than 1 
would to get it near the outside and have it rust. That is one of the 
reasons why I prefer not to go above 18,000 lb. In some bins for grain, 
they have gone as high as 30,000 lb. on steel. 


Mr. Dooxstaprer.—If you move the steel toward the inside of the bin, 
the stress in the steel from temperature would become less, but the con- 
crete on the outside of the wall would be more likely to crack. I should 
think, with the temperature you mention, there might be considerable 
stress in the horizontal reinforcement due to temperature in addition to 
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the stress due to bursting action, because, as you say, the outside of the 
wall stays cool while the inside becomes hot; therefore, the inside elements 
of the wall expand, and if there is no reinforcement near the cooler inside, 
obviously it must crack whether you see it or not. If you move the steel 
toward the inside of the wall, you take the stress out of the steel, but it 
is not effective in preventing cracks on the exterior of the wall. 


Mr. Warp.—That is a point I was interested in seeing brought out, 
in case further tests were made. We have had very few tests and what 
tests have been made have not been made on deep’ silos. They approach 
conditions of unlimited mass as where you have a retaining wall and you 
do not have the restraint of the circular wall. 


J. W. LoweLt.—In your statement, as I understood it, the smaller 
the diameter the greater the proportion carried by the walls; did you not 
mean the smaller the proportion of the diameter to the height, the greater 
the proportion carried on the walls? 


_ Mr Warp.—Of course the higher you go with the bin, the greater the 
proportion of load that is carried on the wall, as shown in the case of 
grain bins more than in the case of cement bins. Where the load is half 
as great you have a chance of running a bin much higher, to 100 ft., and 
there comes a point in that bin where the pressure on the bottom does not 
increase at all. After you get up two and a half times the diameter of 
the bin, your bottom pressure does not increase at all. That means that 
the load from there on is carried entirely by the wall itself, but the point 
I refer to is a different condition entirely. 


Mr. LowreLyi.—Is not that because of the fact that the ratio of diam- 
eter to height has become less, rather than the fact that the diameter is 
less? 


Mr. Warp.—That is true, but that does not enter into the problem 
quite as much. You have to design your bands of reinforcement for every 
conceivable height from the bottom way to the top so that that position 
is changing as you go up. 


Mr. Lowrtr.—I am afraid I did not make myself clear. 


A. C. Inwin.—As I get Mr. Lowell’s thought, it is the same as I have 
in mind. He wants to bring out the fact that apparently there are two 
limitations in the design of the bin bottom. One is reached at a certain 
ratio of diameter to height of the bin, or depth at which there is no 
change in the pressure on the bottom. That is one of the limitations. The 
other limitation is that there is a certain lower ratio of diameter to height 
at which you would have the total weight of the cement coming upon the 
bin bottom without any relief because of the fraction of the cement on the 
side walls. Those are the two limitations; you have stated one of them 
as two and a half, I believe, the upper limit. Do you have a lower limit? 
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Mr. Warp.—I stated in the paper one and a half diameters. This 
paper was limited by a bin whose height was one and a half diameters; 
in other words, that is the point where the slope of rupture cuts the 
surface. 


Mr.-LoweLu.—Ii Mr. Ward wanted to take an empirical amount of 
pressure on the cement bin, say in relation to a liquid pressure, how much 
would that be per square foot equivalent to a liquid pressure? 


Mr. Warp.—Lateral pressure? 


Mr. Lowretu.—Both. 


Mr. Warp.—On an 80-ft. bin, that would possibly run twenty to 
twenty-five per cent at the top and about thirty-five per cent at the bot- 
tom, or rather the other way around. 


Mr. Loweti.—In pounds per square foot? 


Mr. Warp.—Well, your increment would be 98 Ib. per square foot, 
for the lateral pressure, if you put it on the liquid basis. Now, instead 
of that, you design the bottom rings of that wall for an increment of 
about 20 lb. per square foot lateral pressure, and as you go up, that curve 
increases so that you are running over 30 lb. per square foot increment; 
when you approach the top it ranges between thirty and twenty-five per 
cent of the liquid pressure. 


Mr. Irwin.—That is for the side walls? 
Mr. Warp.—Side walls. 


Mr. Lowrett.—In determining your computations in connection with 
the angle of repose of cement, you stated that in the filling of the bin the 
angle of repose was less than it would be later after the cement had 
solidified. I suppose you took into consideration the difference in the 
weight of the cement, did you? 


Mr. Warp.—No, I did not. 


Mr. LowELL.—Because when it has been filled you do not get 94 lb. 


Mr. Warpv.—I did not take that into consideration, for the reason that 
that condition exists only for a short time and it is not the real problem 
that we have to face. We have got to take care of it, but once it is taken 
care of, you can practically forget that first weight of the cement or that 
first angle of repose. I merely showed it to bring out the extremes, how 
it ran from an angle of repose of 6 deg. up to 40 deg. after it had been 
there a few days. 


D. F. JENNINGS.—Have you any data on the widest variation in the 
weight per cubic foot, and have you taken into consideration the difference 
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in that at different stages of storage, when the cement was first put into 
the storage as compared with it after it fas been in the storage? 


Mr. Warp.—I haven’t anything that would bear directly except that it 
ran as low as 90 lb. and up to 101 Ib. 


Mr. Inwin.—One further word about the unit stress compression on 
the concrete and side walls; the limiting thickness of the side walls was 
not stated, that is the thickness that would allow a good job of compact- 
ing concrete in that wall. From the contractor’s side, I believe he will say 
that he can get a good job in a 6-in. wall. Personally I do not feel that 
there is any good reason for cutting down the unit stress to 325 lb. on 
concrete that is good for 2,500 to 3,000 or higher in 28 days; and in the 
second place, if this low unit stress is based on temperature effects, why 
not design the bin wall for those temperatures, reinforce it and come more 
nearly to approaching the unit stresses used in the design of buildings, 
even those of the Joint Committee? 


Cuas. E. Nicnois.—As I understand Mr. Ward, the low unit stress he 
advocates results from the mental application of a slenderness ratio re- 
duction formula to standard unit stresses of 500 or 650 lb. per square 
inch, and he has in mind particularly the advisability of using low stresses 
for large sized bins where the walls are for practical purposes, not walls 
of a cylinder but essentially straight walls. When one considers a wall 
of 4 or 5 in. minimum thickness, (I have built similar walls as thin as 
4% in. in the upper sections of 20-ft. diameter bins 80 ft. high), in a bin 
35 or 40 ft. in diameter, it does not seem to me quite so much the wall of 
a pipe; it begins to look more like a partition wall in a building and I 
would not care to load it up to the maximum stress without applying a 
slenderness ratio formula. 


Louis CLousine.—I have found that in working with grain bins it fre- 
quently happens that distortion to the walls will come due to discharging 
from one side. We have got some grain bins that I happened to look at a 
while back that were held in one direction by a conveyor attached to the 
wall in a certain line; in the other direction there was nothing to hold 
them. They were oval-shaped bins instead of round shaped at the top, 
and at the foundation they kept their shape and they cracked about one- 
third from the top. 
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QueEsTION Box ON REINFORCED-CONCRETE BUILDING 
CONSTRUCTION. 


EK. D. BoveR IN THE CHAIR. 


CONCRETE M1IxING WATER. 


“What steps are being taken on the job to control the water im con- 
crete min?” 


J. H. Howarp.—I feel that the answer falls into two parts: first, 
where old-fashioned methods are being used and no definite water gauge 
is fixed by the charging apparatus, I think that general information and 
education have brought out the idea that the less water you use the better, 
but I do not believe that any steps are being taken to control the amount 
of water in the mix, it is always governed by what the foreman on the 
job thinks he would like to have in the concrete. In the second place, 
where a definite, scientific proportioning and mixing of the concrete is 
attempted, I believe that steps are being taken to control the amount of 
water that goes into the mix, either by slumps at uniform intervals or 
by educating and interesting the superintendent, the foreman and the man 
at the mixer. 


SUPPORTS FOR REINFORCING. 
Outline methods for supporting flat-slab bars near top of slab. 


E. C. Harpine.—That has been a source of a great deal of trouble 
on some of our jobs. We used precast concrete blocks carried on bars 
that theoretically placed the steel in the right position. Often the span 
is rather long and the steel rather light, consequently the steel is much 
lower than it should be. This was brought out as a result of an accident 
that happened on one of our jobs where the steel was exposed, and it was 
not any too high in the slab. I figured that this is over the compression 
area. I have noticed contrivances built up of heavy reinforcing bars bent 
so that the legs will rest upon the depressed position of the slab and 
continued across, providing support from the depressed slab right where it 
is needed. Some sort of support on the stub of the column might be 
worked out in the form of a clamp of some kind. In two or three jobs 
I have had the steel foreman wire the steel to the column stub, but 
whether it remains there or not, I do not know. 

Joun G. AHLERS.—We have found that the only safe way and the 
only right way to support steel at the maximum height is by the use 
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of some of the proprietary articles made for that purpose. The cost is 
a little high, but it is the only way to get a sure and safe job, and we 
feel that by using these bent sheet metal or wire supports that are fixed 
and come to the exact height and supply two by four bars around each 
column head that is not figured in tension, you get an absolute job that 
you can be sure of and the cost is well justified in its added security. 

T. L. Conpron.—I am very much surprised to hear the first speaker 
speak so uncertainly of his own work, as to where the top bars are and 
that there is no real certainty of their being there. He also fell into the 
error of speaking of these bars being in the compression area. They are 
not in the compression area if the design is properly made. The most 
important tension areas in construction in the flat-slab structure are in 
the top and not the bottom of the slab, and they are not confined to the 
region over the column head or what he referred to as the depressed por- 
tion of the slab; there are deeply important areas to be reinforced for 
tension in the bottom of the slab and all the way across from one column 
to another. One of the difficulties we are continually confronted with 
is that bars are not held in place, but there is no excuse for their not 
being held in place. Another difficulty arises from the fact that concrete 
shrinks vertically, horizontally and otherwise. The tendency is to have the 
concrete wet enough to get into place, which means to have it unnecessarily 
wet. When these bars are rigidly held in place by concrete blocks or 
bent iron supports, the bars themselves do not go down as the concrete 
shrinks in volume. The consequence is that cracks in the green con- 
crete develop over the top of the top bars, reinforcing slabs; and the 
thicker the slabs, the more certain are these cracks to develop. The only 
cure that I know of for that unfortunate condition is to have your con- 
crete with as little water as is possible to get your concrete in proper 
place and to get it of proper character. That is a real cause of the 
deterioration of concrete structures that are exposed to the weather. If 
you watch the job you will see the cracks develop as hair cracks and some- 
times you will see them developing as large cracks in the thicker structure. 

C. B. Foster.—I might say that in anchoring bars in connection with 
the column bars, we have a cup made that slips over the top of a reinforc- 
ing rod with a hole in each side to take a No. 9 wire, and it makes a 
permanent connection, one that cannot be tramped down by a workman. 

J. W. Immet.—I am sorry your question is headed flat slab bars, 
because J think the greatest difficulties in cracks appearing with tension 
bars is over beams, in the beam and girder construction. I find in looking 
over most concrete jobs put up by the average contractor, cracks appear 
right over the beams due to the top bars having no support there and 
being merely wired up to either light %¢-in. bars on the stirrup or not 
wired at all. The electricians get on the job just ahead of the concrete 
men and after a few days you will find the tension cracks. I think that 
as much or more consideration should be given to that in beam and girder 
construction than in flat-slab construction. 
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PATCHING CONCRETE FLOORS. 


“What is the best procedure in patching concrete floors in occupied 
buildings?” 


J. C. Grapy.—Is this a floor where the finish is placed at the time or 
at a later date? 

Mr. Boyer.—The question does not show that. 

Mr. Grapy.—I had not thought of the subject, but I had in mind 
trying some alumina cement on the repairs of a floor where the finish 
was placed afterwards. I have repaired some floors but the monolithic 
floor is beyond me, I do not know how to repair that. 

Mr. Boyrr.—The chair does not think this refers to the discussion 
of whether you could repair or patch a floor with alumina cement. ‘The 
question probably is how you patch it with portland cement. 

Mr. Auters.—I have had occasion in the last year to repair a very 
considerable area of a factory floor that had become defective. The en- 
tire floor was defective in that case, however, from faulty design, faulty 
placing of materials by the builder, the reinforcing material having been 
found to be 4% in. from the surface instead of 1% in. After a number 
of years the floor panels throughout that building were failing and the 
danger was that the floor and even the building, might have to be torn 
down. However this particular faulty second floor, with about 15,000 
sq. ft. of area, has been put into such a condition that it is carrying its 
load now. One portion was first repaired five years ago and it is carrying 
its load perfectly. Now the entire area has been repaired by the use 
of the cement gun. A somewhat complex problem is involved, but we 
did get entirely satisfactory results with the gun both on the under and 
upper side of that floor. 

Mr. Boyrer.—Was the surface of the floor worn off? 

Mr. Anters.—The surface of the floor was worn in places, but the 
entire top finish, about 2 in. thick, had originally been put on and that 
was entirely removed without great difficulty. 

Mr. Boyer.—Was that the same composition as the body of the floor? 

Mr, AnLERS.—No, the wearing surface put on was a sand and cement 
surface, the body of the floor being of gravel concrete. We had to build 
on to that floor another section of concrete which absolutely had to adhere 
to the first. I might say in that connection that there was an area of 
about 3,000 sq. ft. repaired five years ago, by way of experiment. This 
last year the rest of the floor was timbered up and carried on falsework. 
To save that building we made these other repairs. In connecting up the 
old repairs, we found that if we cut off some of the gunite, applied five 
years ago, it separated below the gunite; in other words, it adhered 
tighter to the surface of the floor than the concrete was to itself originally. 
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CoNCRETE FLOOR ConsTRUCTION. 


“What is the most economical system of floor construction for light 
loads in hotels and similar buildings, where a flat plastered ceiling is 
required?” 

J. T. Brown.—Consideration must be first given to the layout, size 
of panels, etc., common to the location of the building, section of country 
and the views of the contractor who is to build it. The layout of the 
building—column spacing, size of panels, number of like panels, etc.—is 
usually determined from considerations other than structural economy. 
The structural engineer may suggest a column spacing giving an economical 
structural layout which would not work well with the layout for room, 
bars, ete., desired for the typical floor or for the layout of space in the 
lower stories. The problem on the structural engineer is one of picking 
the type of construction that he believes best suited for a given layout. 
Even then be must consider the layout of bathrooms, plumbing fixtures 
and electrical conduit work. 

I have found that some types of construction are more economical 
in one city than in another, due to the availability of materials, local 
labor conditions and the familiarity of local contractors with a particular 
type of construction. This personal view of the contractor often has con- 
siderable weight in determining the construction that is used. Some con- 
tractors keep accurate unit costs, but many do not keep them close enough 
to determine the relative costs of similar types of construction. The con- 
tractor may have equipment as well as familiarity with a certain type 
and be very strong in his assertions of competitive costs of his pet system 
over another. 

Considering these several points, it is hard to say that one particular 
type of construction is most economical, as each building must be con- 
sidered a separate problem. In general, however, it has been my experience, 
that for hotels, some form of ribbed concrete construction is most economi- 
cal. I do not feel that it can be definitely stated that any one of the 
several types of ribbed concrete construction is generally most economical. 
In this, one must consider even more carefully the question of layout, 
location and personal views of contractors. In a number of instances, I 
have had designs prepared for several types of ribbed construction for 
the same building, and found from the figures submitted a considerable 
variation in the opinion of the several contractors bidding as to the relative 
economy. On one job I have in mind four designs were considered. One 
contractor placed them in order of 1, 2, 3, 4; another, 4, 3, 2, 1, and a 
third mixed them up a bit. In still another case where four types were 
considered, the design was carried to the extent that complete designs 
of building were submitted to contractors for figures. Not more than two 
contractors agreed as to which was cheaper, and the low bidder who was 
awarded the contract did not agree with the others figuring. The interest- 
ing point about these figures was that of all figures submitted, the differ- 
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ence between low and high of the four types was less than 1 per cent 
of the total cost of the building. 

I know of another case in which the contractor was picked in advance 
of the design—-he had a financial interest in the building. The question 
of construction type was carefully gone into by him and the building built 
of solid slabs and, beams and grids, two-way solid slabs where possible 
and one-way slabs, spanning rooms 9 and 10 ft. wide, with beams on 
partitions. I have considered this on other buildings and have not been 
able to find it as economical as he figured it. 

ArrHur R. Lorp.—The question is too indefinite to answer definitely 
because in addition to what Mr. Brown mentioned, the height of the build- 
ing, the number of stories, its importance and the building code require- 
ments must be considered. In the city of Chicago, for instance, the 
ribbed system is not recognized; whereas in Cleveland it leads all others 
in economy. I understand it has a coefficient so very much lower than any- 
thing that is recognized in other classes of construction as to give it an 
unquestionable advantage over another type—the two-way joists of tile 
and filler. 

The height of building has a very marked effect because the difference 
in type is frequently due to a difference in the dead-load, and in a high 
building that becomes important, whereas with only two or three stories, 
it may be negligible. Taking the ordinary case of an eight- or ten-story 
apartment hotel, we have found that the cheapest type of construction in 
Chicago is the tile and concrete joist for a moderate span up to 6 ft. Be- 
yond that point we have found the open-joist construction to be the cheapest 
to carry the same load. Another point in that construction must be con- 
sidered—the effect on the plastering. With the tile and concrete joist 
construction you will have a discoloration of plaster over the tile. That 
is objectionable, as it increases the cost of decorating the building. With 
the open-joist and suspended ceiling, you get away from that local dis- 
coloration. Some types of open-joist construction, however, have the same 
objection as the concrete joist, in that the concrete is plastered directly. 

Mr. Brown.—I would like to add that one of those floors I mentioned 
was a two-way tile concrete system in which I had competitive bids that 
came within 1 per cent of the total cost, and it was not the cheapest in 
this particular case. 

CHarLes E. Nicuors.—Mr, Ahlers, will you discuss the proper care 
of cement bags on the job? 

Mr. AuLers.—There is only one way to handle bags, and that is to 
do it the right way, take good care of them from the moment they come 
in, if you want to save money. Though I am talking as a contractor, I 
think that goes for the cement companies too. What I have always tried 
to do from the time I was a superintendent myself was to make the men 
take the bags when they put the cement in the mixer and put them in a 
dry place. Then you will never have any trouble. Keep them wrapped 
up. There is as much difference between the way bags are handled on the 
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job as there is difference between superintendents. There is no money in 
doing anything to the bags after the cement is once put in the mixer; it 
costs more money and labor either to shake them or get the cement out 
of them. You save nothing to speak of in freight and you do not get enough 
cement to pay for the time. The sooner you can get them bundled up and 
off the job after you get the cement out of them, the cheaper it is for the 
contractor. 

S. C. Hortisrer.—I understand this question to relate to the proper 
care of cement bags on the job. I am speaking now of the cement you get 
from the bag shaker after the sack is presumably empty. The character 
of that cement is such that on the average job unless there is a consider- 
able amount of mass concrete the cement shaken from the bags after it 
has been previously emptied is not worth while. The cement shaken by 
means of a bag shaker weighs about half as much as ordinary cement; it 
is very coarse and quite lumpy. Care should be taken in the use of this 
cement on any work that is not strictly mass work where mixers are 
permitted. 


ACCIDENT PREVENTION. 


How are superintendents and foremen to be interested in accident 
prevention? 


Mr. Grapy.—The superintendent must keep his foreman awake at all 
times to the prevention of accidents. Two of the biggest factors in pre- 
venting accidents are frequent inspection by the superintendent or his 
foreman. On large jobs it is well to employ a special man to go around 
twice a day and see that all guard rails and safety appliances are in 
place. He can also get valuable cartoons from the National Safety Council 
to display on tracks and shanties. 

H. 8S. WricHt.—There is one method of interesting the superintendents 
and foremen that I always found rather effective. Your insurance rating 
of course depends on your freedom from accidents, and especially major 
accidents. You get the same rate, perhaps, in insurance, but there is a dis- 
count from most of the mutual companies for contracting organizations 
that have the best rating. By placing the superintendents and foremen 
responsible on a bonus: basis, it is often possible to get them so worked up 
about systems of protection and safety devices as to tend to reduce injury. 

Mr. Harpinc.—We have gone into the safety idea extensively in the 
last year and a half and are still looking for information. Our method of 
attack is along the line of interesting the foreman in preventing the acci- 
dent himself. One method has been by the use of posters which were ob- 
tained from the National Safety Council, Safety News, or our own home- 
made posters. Another stunt we have just inaugurated is an. accident. re- 
port that must be filed with our home office on every accident, no matter 


how minor. One of the questions on this report asks the foreman how. the. 


accident could be prevented. This is one means of interesting _him— 
you are asking him for his advice against future accidents. 
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H. J. GouLp.—One of our superintendents called up one day and said 
that he was not allowed anything in his budget for barricading openings. 
I believe that the point was well taken and there should be a definite item 
in the superintendent’s budget for that particular thing. JI think it will 
forcibly bring it to his attention and save having it come out of the gen- 
eral expense items which are sometimes heavy enough anyway. Another 
suggestion I saw on this accident prevention was in a state where there 
was no monopoly insurance, a mutual company was formed of several 
superintendents and the company, the company putting in half the capital 
and the superintendents the other half as a working nucleus, and then 
sharing the savings among the superintendents in proportion to their 
accident ratio. 

Mr. Nicnors.—Regular reports that are circulated not only in the 
home office from various jobs, but that go from one job to another, will 
help along in that respect. That is particularly true in large organizations, 
where so many of the superintendents know each other, know the personnel 
of other jobs, and are really interested in their friends in the work. Our 
practice for a number of years in accident prevention has been to circulate 
monthly a summary report of accidents on all active jobs in the organiza- 
tion, its rates, the different jobs and the superintendent’s names are given 
by a definite rating schedule. It gives perhaps a little bit of publicity to 
the unfortunate man, when he is unfortunate, but I think it materially 
helps in keeping them all keyed up to the necessity of it. 

H. A. Curist1An.—I presume that the accidents in question are lost 
time accidents entirely. 

Mr. Boyrer.—I do not know. 


Mr. CuristiAn.—Trivial accidents, such as scratches, etc., are not 
under consideration. We have those with us all the time, but it is the lost 
time accident that is the damaging one. I contend that you have to sell the 
accident prevention from the top all the way down to the men who work 
on the job. One of our ways for striving to this end is to put up a score 
board for all the men on the job to see. The different jobs are divided 
into their component crews and each crew has a horse; in other words, 
the score board is a horse race. As long as each crew has no accidents, 
that horse is traveling. Now he can travel for a period of a month, six 
months, or a year, but just as soon as the crew has an accident, that horse 
halts in his race. You can imagine the keen rivalry in the whole depart- 
ment, and it is accomplishing results. 


Horst TOWERS. 
Discuss wood vs. steel concrete towers. 


W. A. ForsHErre.—For the last six or seven years we have used steel 
towers almost exclusively, and from all the records and data we have been 
able to gather, we do not believe there is very much comparison to be made 
between wood and steel towers. The first cost of the steel towers, perhaps, | 
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seems high, but we believe that in about five jobs the towers pay for them- 
selves. We have also found that they are safer in operation than the old 
type of wood towers. We almost never have any delays due to trouble 
with the bucket in the tower which we often did have with the old type of 
wood towers. We find that the erection of the steel towers apparently 
costs from about half to two-thirds more than to erect wood towers. The 


salvage, of course, on the wood tower, is practically nil, depending on ~ 


whether it pays to wreck it or whether we throw it down. We have given 
up the idea of wood towers almost altogether, except possibly for very 
low buildings. 

Mr. AHLERS.—Do you use union iron workers and at what rate per 
day, for erecting these steel towers? 

Mr. ForsHEe.—We have erected them both ways at different places, 
and we have found that where we lave a big crew of men familiar with 
tower erection, the higher-rate men sometimes erect more cheaply than 
in the smaller towns, where we can use whatever labor we want. 

Mr. Harpine.—We are using steel towers almost exclusively on jobs 
of any size. We attempted a number of years ago to standardize on 
wooden towers. This was before the present development of steel towers. 
We found the tendency among our men was to practically shoot them 
through full of holes for the connections, and it was a source of endless 
trouble. The sun would hit them, and dry them out. I am not prepared 
to state any definite cost on them, but our experience has been that it is 
cheaper in the long run, taking everything into consideration, to use the 
steel tower. 

Mr. Nicuois.—I am sorry that our experience does not lead us to 
the same conclusion. I will agree with Mr. Harding on that, it may be that 
we became discouraged with our early unsuccessful use of steel towers. 
It may also be that that was back in the times when the steel towers were 
sold more on the basis of minimum weight of steel that the contractor could 
give you than on the basis of safety. I cannot give any definite figures 
on costs because our experience has been so slight on that, but our ex- 
perience has led us to lean more to the wooden towers. That, however, 
is perhaps because most of our large jobs are scattered over the country 
and it does not pay us to maintain equipment which has to be transported 
over considerable distance. 

Mr. AuLers.—Speaking entirely from the standpoint of original cost, 
depreciation, maintenance, and the labor of erection and dismantling, we 
have found that the steel towers cost more than the wood towers. Even 
though we own steel towers, we are gradually getting back to the idea of 
using wood towers almost exclusively except in cases where it clearly shows 
that the steel towers are cheaper. That is based entirely on both the total 
cost of placing the concrete and the plant in and out. 

C. B. Foster.—We erected a steel tower on a four-story building job. 
It cost us a thousand dollars to erect the tower. We erected a wood tower 
for a six-story building and it cost us $500 for lumber and labor to put 
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it up and take it down. That was at Indianapolis, and since that date 
we have developed a tower 50 ft. high that goes on a truck that we can 
raise in thirty minutes and lower in the same time. 

APPRENTICESHIP TRAINING. 


How may the interest of superintendents and foremen be aroused im 


apprenticeship training?” 


Mr. Nichols. 


Mr. Wright. 


Mr. NicuoLts.—Tell them about it and go around tomorrow and tell 
them again; put the statistics before them which have been put before a 
good many contractors’ associations in recent years in their discussions and 
their co-operation with the unions. Show them and keep constantly before 
them the fact that the supply of skilled mechanics is rapidly falling off 
as compared with the demand for them. You can only do that by constant 
repetition. That is something that someone higher up in the organization 
than the superintendent and foreman has to follow as routine practice. 
Teach your superintendents or foremen the basic principles that they must 
constantly keep before them if they are going to maintain the efficiency 
of their own organization and the industry. 


BuLK CEMENT. 


Use of bulk cement; (a) what savings and economies. (b) how should 
it be handled on the job? 

Mr. Wricur.—This question of bulk cement depends on three major 
issues: How far have you got to haul your cement? is air available on 
your job? and how big is your job? The reason for that first question is 
that sometimes in the case of ocean carriers and particularly on long hauls, 
the cement solidifies when packed in the car, because the interstitial air 
spaces are so minute that the air is readily expelled and sometimes the car 
becomes rather stiff by natural compacting. Sometimes it takes a crew 
of six or seven men all day to unload 200 bbl. Ordinarily, the haul is 
so short that that difficulty does not arise. The question of air power 
comes in on the average large job. Cement arches, bulks and cakes in the 
bins about the same as it does in the car, and it is often necessary to 
apply air to it to loosen it. That is done by the insertion of a pipe with 
1/32-in. holes through it and a canvass bag over the holes, tied on with 
wire. About 80 lb.-of air are required to force the air up and agitate 
the cement. 

On a big job you can afford to put in a type of handling equipment 
that is most efficient, whereas on a smaller job you cannot. Now there are 
a great many real economies in bulking cement. The first and major one, 
from the viewpoint of the contractor, is that it is so much lower in labor 
cost. With a short haul and mechanical scoop and elevators, you can 
unload seven to eight cars a day, with two men in the car and one man 
around the hoist, whereas on the ordinary job it requires several more 
men than that. I should say there is a possibility of a saving, counting 
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both labor and mechanical handling, of 15 to 25 per cent in the unloading y, Wright. 
of bulk cement. : 

The second saving lies in the fact that most contractors figure about 
5 per cent loss on bag cement. About 5 per cent is figured for the cost of 
shaking, bundling and shipping back the empties to the mill. Now that 
runs up on a job where there happens to be a sand bag scarcity or some 
other immediate need of sacks. The contractor will often use a 10¢ cement 
sack instead of purchasing other sacks in the market. There is also a 
saving in cement. How real that is depends on how well the man at the 
mixer drops his cement into it. I have seen a good many of them grab 
a bag by both corners and hold a pound or a couple of pounds of cement 
in the bag. That is unusual, but on most jobs the man who is shaking 
sacks just about pays his wages and the cost of the gear to shake with. 
There is a real saving of course on the interest on your investment. That 
saving capitalized at 5 or 6 per cent represents considerable if you ship 
your sacks once in thirty or forty-five days. If you ship back 2,000 or 
5,000 sacks in a shipment and you have carried those—I believe the average 
contractor today discounts his bills—that means that he has carried the 
burden of costs on the sacks. 

From the angle of the manufacturer there is a real saving too. That 
saving raises the question of interest on the capital invested in the sacks. 
The cost of getting those bags back into his shop—repairing them, cleaning 
them, counting them, the timekeeping and the overhead necessary in that 
connection—is not gratuitous, and eventually it comes back into the cost 
of the job. I think that as to the location of the job as to distance of 
haul, there is not much advantage one way or the other. On large jobs 
with a long haul it is necessary to build some sort of handling device 
at the railroad siding or the wharf as a temporary storage. That has got 
to be charged off against the entire job cost. If a man does that the 
second portion of this question is, the proper tool for handling it—if a 
man does use bulk cement. The proper tools are countless. The scoop 
in the car is perhaps the most efficient means of getting it off the car. 
Then he probably has to provide a bucket elevator or belt conveyor or 
some other means of conveying it to his storage bins, and then possibly 
a weighing device to get it to the job. That requires a frequent test on 
the cubie capacity of the container used to measure it. 

The lining of the bins is one thing that might be mentioned. It is 
sometimes advisable to line with light sheet metal the interiors of the bins. 

Apparently there is not so much damage from leaky cars where bulk 
cement is used as where sacks are used. That is true because of the prop- 
erty of the cement in settling, also the property it has of gathering mois- 
ture and balling up. In bulk cement moisture gets into the car and by 
capillarity is carried through a whole tier of sacks, whereas in bulk cement, 
moisture comes in through the top or sides and will trickle in one location, 
ball up and that ball will continue to absorb moisture for some time. 
Lumps or scales on top of the load can be easily removed and discarded. 


Mr. Irwin. 


Mr. Boyer. 
Mr. Irwin. 


Mr. Hollister. 
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CoLUMN HEADS. 


Is it possible to adopt certain standard sizes for the heads of round 
columns? This might make it possible to design better forms for column 
heads. At present, the diameter of the column head where it intersects the 
dropped panel, is worked out as shown in Fig. 14, Appendix I of the Jomt 
Committee report, with the result that forks for column heads must be 
designed to provide for any diameter, where the head intersects the drop 
panel, to the nearest inch. 


Mr. Irw1n.—I do not believe there is. That is based on the fact that 
I do not believe it is possible to use a standard size of column head. If it 
had been possible, the Joint Committee would have provided such stand- 
ardization. It all depends upon the economy of the design, and if you 
standardize such a fundamental thing as the diameter of a column head, 
you have removed the possibility of reaching the most economical design. 

I am not satisfied with the discussion on Question 3, “What is the 
best procedure in patching concrete floors in occupied buildings?” I do 
not see that the question of whether or not the building is occupied has 
a great deal to do with it. You have got to provide a clear space where 
the patch must be placed. The second consideration is how to go about 
it. To patch any concrete surface, whether it be a floor surface, a wall or 
what not, first, clean the surface to be patched of all loose material; sec- 
ond, roughen that surface, if it is not already roughed through the process 
of cleaning; third, thoroughly soak with water the area to be patched. 
That means soak it just previous to the application of the patching ma- 
terial. However, there should be no film of water on that surface. 
Fourth, select for the patching material a cement ani aggregate as nearly 
as possible of the same proportions used in the original slab. Fifth, apply 
the patching material with force: Throw it against the surface, if you 
please. 

Mr. Boyver.—With a gun? 

Mr. Inw1n.—Oftentimes the area is so small that it is impossible to 
get a gun action on the job. In that case, simulate as nearly as possible 
the action of the cement gun, which means that the material should be 
thrown against the concrete surface. After it is thrown against the con- 
crete surface, do not disturb it. There should be no troweling, screeding or 
floating after that first contact of material with the old slab. Let it 
harden. To produce the final surface, use the same method after the first 
application has hardened. Then you can screed that off with the least 
possible work to give you the finished surface. Keep the patch wet as long 
as you can and it will stick and give good service. If you do not believe 
it, take some surface you do not want to have to clean off, throw some 
mortar against it and go away and forget it and come back a week or ten 
days afterwards and try to get it off. 

S. C. HoLtister.—Returning to Question 10: Because the Joint Com- 
mittee report gives a minimum size for the column head diameter, it is not 
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necessarily implied that the column head may not be larger and thereby 
permit, for the particular job, standardization of the column head. The 
same holds true in the design of beams or any other members on a given 
job. It is much more economical of construction to standardize the di- 
mensions of the unit than to design the members for the exact minimum 
requirements under any code, whether it is a Joint Committee code, a city 
code, or whatnot; so on any job it is necessary to use common sense in 
order to introduce elements of standardization for the purpose of economy. 
And it is not proper to be wholly limited by the minimum requirements 
that the code may provide, because sometimes it is much more costly than 
to put in additional material. It is possible to put out standard type of 
head and still answer the requirements of the Joint Committee report. 

Mr. Irwin.—Does it apply to all buildings? 

Mr. Horister.—I was presuming that you would only build one 
building at a time with one set of forms, and therefore it would be advan- 
fageous to standardize the forms for that particular building. There is 
no point in standardizing column heads for all buildings no matter what 
the use or size. The particular point on standardizing is to give the great- 
est number of uses to a given set of forms and thereby introduce an ele- 
ment of economy. That would refer in most instances to the particular 
job under construction. 

Mr. Irwin.—In other words, then, he says no, when it comes to the 
general proposition of standardizing column tops; is that right? 

Mr. Boyrer.—I think he said yes. 

Mr. Irwin.—In a particular building you can standardize it, but the 
last thing said was no. 3 

Mr. Boyer.—The question is, is it possible to adopt certain standard 
sizes for the heads of round columns, and Mr. Hollister says it is possible. 

Mr. Irwin.—For a particular building. 

Mr. Boyrr.-—Yes, he qualifies it. 

Mr. Nicuors.—What is Mr. Irwin’s interpretation of that certain 
percentage of sizes? If he means one certain standard size, quite obviously 
his answer is right. Sizes, however, is plural and admits of interpretation 
of perhaps a dozen different sizes varying by 2 in., 4 in., or even 6 in. I 
think he probably qualifies his own statement mentally, if not orally, quite 
as much as Mr. Hollister. The thought there is that we do not disagree 
really, we probably agree. Mr. Hollister feels that that can be standard- 
ized, and his ideas are perhaps with 2-in. variations. I would agree also 
even to the extent of saying 4-in. variations in those certain standard 
sizes. Someone else’s interpretation might be something else. 


. Irwin. 


Mr. 
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Report OF COMMITTEE E-6 ON: DESTRUCTIVE AGENTS AND 
PROTECTIVE TREATMENTS. 


Continuing the work of the past few years, this committee is endeavor- 
ing to make a systematic study of various ills to which concrete is subject 
with a view of isolating the agency responsible for each ill and suggesting 
if possible, the remedy. It will be appreciated that this is a large under- 
taking and one that cannot be completed in any single year. 

The program for 1924 consisted in the investigation of several groups 
of structures to which attention had been drawn by different members of 
the committee and others interested in its work. The structures examined 
have been exposed for periods varying from 9 to 20 years to the usual 
severe climatic conditions of the border or nearby states and provinces of 
the United States and Canada in which they are located. The structures 
examined were in all conditions of preservation, ranging from those in 
practically perfect state to those in which extensive repairs are required 
or are already under way. 

The study consisted in a detailed examination of the structures and 
the collection of available information bearing on the construction. In 
most cases men thoroughly familiar with the conditions attending the work 
were interviewed. In some cases, sources of the aggregates were visited 
and progress photographs examined. The most useful and reliable infor- 
mation was found in the statements of qualified individuals who were con- 
nected with the construction work, and by the appearance of the structures. 
Another source of useful information was the examination of nearby struc- 
tures or structures of about the same age and under similar exposure 
which were still in good condition and concerning which data were avail- 
able. The data were largely collected by the secretary of the committee. 

It is the purpose of this report to present typical illustrations of the 
structures examined and to point out what seems to the committee the 
significance of the findings and the lessons to be learned. 

The committee proposes to continue the study of faulty concrete and 
urges members of the Institute to contribute to the work by sending in 
data suitable for use in later reports or suggestions as to examples which 
offer fruitful field for investigation. 

Damage Due to Porous Concrete.—In presenting the results of this 
investigation, the committee wishes to direct attention first to the impor- 
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tance of porosity on the durability of concrete. A study of the illustra- 
tions will show, as the field examination so clearly brought out, that the 
damage already done, and the possibility of future damage in these struc- 
tures is in proportion to the freedom with which water enters or passes 
through the concrete. 

The recognized destructive agents are the freezing of entrapped water 
with consequent expansion and disruption and the solution of portions of 
the cementing material by percolating water with the subsequent crystalli- 
zation, either within the concrete pores adjacent to the surface or on the 
surface. Because of the location of the structures, the action of frost no 
doubt played an important part in all of the disintegration found. The 
solvent action appears to have been limited to those structures through 
which water readily percolated. 

The question is frequently raised as to the relation between disintegra- 
tion and age. Obviously, time is an essential element in the process of 
disintegration and where once action has begun it continues as time goes 
on. There is evidence in some of the structures examined that the rate of 
destruction increases with time, as each year’s action exposes greater areas 
to attack for succeeding years. However, where the opportunities are lack- 
ing, time is of no avail to the destructive agents. The good structures 
illustrated in this report show no disintegration except at points where 
there was some porous spot for the action to start. 

Evidence of frost action alone is shown in the canal walls of Figs. 7, 
8, 9, 10 and 12, which are alternately exposed to water and air, giving 
ample opportunity for saturation and subsequent freezing. Attention is 
~ called to portions of the walls which are unaffected; these show that it was 
possible to obtain impervious concrete with the materials used. 

The effect of percolation is most prominently seen in the illustration 
of Dam A in Fig. 1 where large areas of the downstream side are heavily 
coated with efflorescence deposited from the percolating water. In places 
under these deposits and elsewhere on the surface, the concrete has been 
disintegrated to a depth of 8 or 10 in. What proportion of this disinte- 
gration resulted from the deposition of dissolved matter within the pores 
and what proportion from the effect of frost, obviously cannot be deter- 
mined. In this structure also, certain areas are much less affected than 
others, showing that where less permeable concrete was produced the 
destruction has been less. 

“In Dam B, Fig. 2, which is not a great number of miles from Dam A 
and subjected to the same general conditions of exposure, attention is 
called to the excellent condition of the concrete with only a slight efflores- 
cence shown at some of the fill planes. The condition of this dam and the 
presence of this small efflorescence when contrasted with Dam A shows in 
a most convincing way the relation of porosity to disintegration. 

Causes of Porous Concrete-——The committee desired also to direct at- 
tention to the causes of porosity in concrete, as an understanding of the 
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causes points the way to their elimination. Porous concrete in the struc- 
tures covered by this study resulted from one of the following: 


1—Excess of mixing water, 
2—Deficiency in cement, 
3—Dirt or excess of fine material in the aggregate, 


4—Segregation of materials in handling and placing the 
freshly-mixed concrete. 


Of these, excess mixing water was found to be by far the most im- 
portant as well as the most common. This importance arises not alone 
because of the direct relation between porosity and excess water, which is 
serious enough in itself, but because the effect of each of the other agencies 
is greatly aggravated when it occurs in connection with the use of over-wet 
mixtures. 

The characteristic evidence of over-wet mixtures is the increasing 
porosity from bottom to top of any section of concrete deposited as a 
unit, ending at the top in a layer of laitance. The laitance layer and the 
more porous concrete immediately below offer the first opportunity for the 
passage or absorption of water. The destructive action begins here and 
works downward. Dirt or excess of very fine material in the aggregate 
when used with an excess of water is floated to the top or other surfaces, 
increasing the porosity and decreasing the resistance to water and frost. 
In the same way when lean mixtures are flushed into place with an excess 
of water, they lose a considerable part of the cementing material which 
collects at the top in the laitance bed. 

Contrary to a popular belief, the removal of the laitance layer does 
not remedy the condition resulting from over-wet mixes. It only removes” 
one part of the weakened structure. The porous concrete immediately be- 
low the laitance still remains. Laitance, it should be emphasized, is only 
a symptom; the real disease is over-wet concrete. 

Segregation of the materials in handling and placing concrete is a 
difficulty that arises almost entirely from the use of over-wet mixtures. 
Proper consistency combined with correct proportions practically elimi- 
nates segregation. 

In the illustrations presented here will be seen many interesting mani- 
festations of the causes of porous concrete. The dam in Fig. 1 shows the 
result of using extremely wet mixtures combined with some deficiencies 
in cement. This structure is the “horrible example” of what should be 
avoided in concrete construction. The splendid condition of the portions 
of Dam B shown in Fig. 2, and of the walls in Fig. 4 and 14 show that 
such conditions as found in Dam A can be avoided. 

Fig. 3 shows another example of porous concrete which has been 
severely attacked. The bad portion is just below a fill plane, the concrete 
immediately above and a few feet below being in good condition. This is 
a portion of a dam which is otherwise in excellent condition, and indicates 
the importance of constant care in the control of the mixing water if per- 
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manence in all parts of the structure is to be obtained. Contrast with 
this the appearance of the main portion of the dam (Fig. 2) which was 
placed in proper consistency, or the wall in Fig. 4 where excess water was 
made to flow over the top of the forms by requiring the concrete to be 
heaped well above the form and allowed to stand some time before finishing. 

The breakwater in Figs. 5 and 6 offers a splendid example of the 
effect of insufficient cement. That portion which was built of 1: 2:4 con- 
crete has stood up remarkably well for 20 years under the extremely severe 
exposure of a Lake Michigan waterfront, while the portion built two years 
later with 1: 3:5 concrete has been badly attacked, requiring extensive 
repairs. Both portions of this wall were carefully placed with a dry 
tamped mix. It is interesting to speculate on the probable condition of the 
1: 3:5 section had the concrete been slushed into place in the wet condi- 
tion used in some of the other structures illustrated. No doubt both sec- 
tions would have been improved by the use of a puddling consistency, but 
with over-wet mixtures, the resistance would have been greatly lowered. 
The 1: 3: 5 section would probably have been a total wreck in 10 years if 
placed as wet as was the Dam in Fig. 1. 

The combination of excess water and dirty aggregate was responsible 
for the porous concrete which resulted in the severe surface disintegration 
shown in Fig. 10. The structure in Fig. 13 is in extremely bad condition 
as a result of using bank-run mixtures with varying sand content and a 
gross excess of water. Contrast with these two structures those illustrated 
on the same pages and note the thoroughly satisfactory results obtained 
by proper care in the quantities of cement and mixing water. 

Fig. 16 shows another interesting case of porous concrete due to ex- 
cess mixing water. Fig. 17 gives a striking comparison between two struc- 
tures where the conditions were identical except in the care used in con- 
struction. Fig. 15 shows two parts of a single structure which plainly 
show the difference in water content. 

Conclusion.—From the study of the data resulting from this investi- 
gation, the committee believes that the defects which were observed in the 
structures studied, were largely due to faulty manipulation of the mate- 
rials and that permanent structures can be achieved by the production of 
concrete that is impervious to moisture. 

This leads to the second conclusion that the committee has drawn 
from this study, namely, durable concrete, that is, impervious concrete can 
be produced by adherence to the following requirements: 


Clean aggregates of durable minerals; a mixture of a fair 
degree of richness; the use of a puddling consistency; and care 


in placing and curing. 


A number of methods for the design of concrete mixtures have been 
developed within the past few years which differ somewhat in their method 
of approach to the problem and in the details of manipulation. This 
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diversity in the methods proposed by recognized authorities has served to 
confuse many engineers, whose interests and responsibilities in other phases 
of engineering and construction, as well as limitations of laboratory equip- 
ment, have not permitted them to make their own investigations. As a 
result of this confusion attention has been diverted from the outstanding 
importance of durability by the emphasis which has been placed on strength 
and economy in these theories of proportioning. Of course, these factors 
must not be neglected, but they should not be allowed to obscure the fact 
that the life of the structure is also an element of ultimate cost, which, 
in most engineering works, outweighs many times the economies possible 
by fine distinctions in theories of proportioning. The old rule which re- 
quires the use of an amount of cement somewhat in excess of the voids in 
the aggregate is a good rule when combined with the newer knowledge— 
that no more water should be used in mixing than necessary to produce 
a workable puddling consistency. 

M. M. Upson, Chairman, 

P. J. FREEMAN, 

W. K. Hart, 

E. VIENS, 

G. E. WARREN, 

R. B. Youne, 

F. R. McMrran, Secretary. 
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FIG. 1—DAM A. CYCLOPEAN CONCRETE ABOUT 13 YEARS OLD, ILLUSTRATING 
THE DESTRUCTIVE EFFECT OF PERCOLATION AND FROST ON POROUS CONCRETE, 
Porous concrete due largely to grossly over-wet mixes with some deficiency 


in cement in portions. Nominal mix of concrete 1:21%4:5. (a) General view of 
downstream face. (b) and (c) nearer views. 


FIG. 2.—DAM B. CYCLOPEAN CONCRETE ABOUT THE SAME AGE AND EXPOSURE 
AS THAT IN DAM A. 
Note the excellent condition of the concrete with only occasional efflores- 


cence at a few fill planes. During the construction of this dam great care was 
taken to avoid over-wet mixes. Nominal mix of concrete 1:2%:5. (a) General 


view of spillway. (b) Close-up of spillway crest. 


FIG. 3.—PORTION OF THE HEAD-GATE WALL OF DAM BIN FIG. 2. 


Note the similarity of the one spot on this portion with portions of Dam A, 
Fig. 1. Laitance and porous concrete at the top of a section resulting from the 
use of over-wet mixtures provides a ready path for the percolation of water. 
This view shows the only flaw in an otherwise almost perfect structure. 


FIG. 4.—CANAL WALL IN PERFECT CONDITION AFTER TEN YEARS OF 
SEVERE EXPOSURE. 


Clean aggregates were used and the fresh concrete was heaped above the 
top of forms when finishing a section, in order to force out excess water. The 
wall top is without a crack or flaw. 


FIG. 5——BREAKWATER BUILT IN 1906 WITH 1: 3: 5 CONCRETE, ILLUSTRATING 
THE EFFECT OF WAVES AND FROST ON POROUS CONCRETE, 
RESULTING FROM TOO LEAN A MIXTURE. 


The left foreground shows a portion of the section of this breakwater 
illustrated in Vig. 6. 


FIG. 6.—SECTION OF THE BREAKWATER SHOWN IN FIG. 5. 
The section built in 1904 with 1:2:4 conerete is in excellent condition. 
The right foreground shows a portion of the 1: 3:5 section illustrated in Fig. 5. 
Note the greater durability of the 1;2:4 over the leaner concrete. 


FIG. 7.—CLOSE-UP VIEWS OF THE 1: 2: 4 SECTION OF THE BREAKWATER 
SHOWN IN FIG. 6. 


The destruction begins at joints or any point where water finds access. In 
the view on the right note the sharp edges, well preserved after 20 years of 
wave and frost action. 


FIG. 8.—A PORTION OF THE 1: 3: 5 SECTION OF THE BREAKWATER IN FIG. 5. 


The disintegrated area in the foreground covers an area of about 100 sq. ft. 
This illustration is typical of the destruction at many construction joints in the 
1:38:09 section. In some places where the destruction had progressed much 
farther the wall has been restored. Contrast this with the views in Fig. 7 
where the destruction has progressed only a matter of inches. 
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FIG. 9.—LOCK WALL IN WHICH OVER- Fie. 10.—LOCK WALL IN WHICH 
WET MIXES WERE USED. BOTH OVER-WET MIXES AND 
VERY DIRTY SAND WERE USED. 


These structures illustrate the effect of frost on porous concrete. There 
are portions of both structures which are well preserved and solid. The greatest 
destruction is found at the fill planes bounding sections placed at different times. 


= 
e 
FIGS. 11 AND 12.—TWO VIEWS OF LOCK WALLS IN WHICH CARE WAS 
EXERCISED IN THE CONTROL OF THE MIXING WATER. 


Note the excellent condition of the top in these walls. BExposure and 
age of these much the same as in the walls of Figs. 9 and 10. 


FIG. 13.—TWO VIEWS OF AN EXTREME CASE OF THE DESTRUCTION WROUGHT 
IN 12 YEARS BY FROST ON EXPOSED POROUS SURFACES. 


The concrete in this wall was placed using bank-run aggregate with 
insufficient cement and excess water. 


FIG. 14.—AN EXAMPLE OF A WALL IN EXCELLENT CONDITION AFTER 16 YEARS 
IN ABOUT THE SAME EXPOSURE AS THE WALL IN FIG. 13. 


Although built in the winter, the work was so well protected and the con- 


crete so carefully placed that the structure is almost without a flaw at the 
present time. 


FIa. 15.—TWO WALLS OF A SINGLE STRUCTURE SHOWING PERCOLATION 
THROUGH LAITANCE SEAMS AT FILL-PLANES AND POROUS 
CONCRETE IMMEDIATELY BELOW. 


Note the better condition in the wall at the left. A little greater restriction 
in the mixing water and this wall would have been in very good condition. 


cs FF 
FIG. 16.—TWO VIEWS OF ANOTHER STRUCTURE SHOWING THE DISINTEGRATION 
OF POROUS CONCRETE RESULTING FROM EXCESS MIXING WATER. 
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FIG. 17.—THESE TWO STRUCTURES WERE BUILT AT THE SAME TIME WITH 


THE SAME MATERIALS, 


In the one above the inspection was not rigid and the work was carelessly 
done. In the other the concrete was placed under careful control. Note the 
fill planes, efflorescence and disintegration in the upper structure and the 
entire absence of disintegration in the lower. 
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FIG. 18.—REINFORCEMENT CORROSION CAUSED BY WATER 
PENETRATING THE CONCRETE, 


These pictures illustrate a very common condition of exposed concrete con- 
struction where moisture has penetrated and caused the corrosion of the rein- 
forcement resulting in surface spalling of the concrete and further exposure and 
corrosion of the steel. The thickness of concrete protecting the steel was from 
¥% to % in. on the areas affected. The outer shell is quite porous and has the 
appearance of an over-wet mix. Where the steel is sufficiently covered with con- 
crete the columns are in perfect condition. (a) shows spalling starting at a 
spacer bar and extending to the spirals. (b) shows general spalling over the 
entire exposed portion of the column where spirals are close to surface. (c) 
shows a general view with method of repair; the lower column has been re- 
stored and faced with brick. The records show a 1:2:4 concrete of limestone 
aggregate mixed very wet, placed in October, 1910. The affected columns are 
on exposed walls several stories above the street. 
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FIG. 19.—A CONCRETE BACKING OF A FIG. 20.—A WING WALL COPING 
RUBBLE WALL, EXPOSED ONLY TO AFTER 10 YEARS OF ABOUT THE 
RAIN AND FROST FOR 9 YEARS. SAME EXPOSURE AS THE 


WALL IN FIi@. 19. 


Another comparison illustrating the greater durability of concrete when 
properly placed. The wall in Fig. 19 has the appearance of a lean mix placed 
quite wet and over-spaded to give a smooth surface. Fig. 20 is a splendid 
example of concrete of correct consistency and mix. 


DISCUSSION. 


RUSSELL S. GREENMAN (By Letter).—Because of my large opportu- Mr. Greenman. 
nities for more than fifteen years of inspecting concrete in the making and 
“wearing” on big contracts and over considerable area, I would like to state 
that I am much impressed by the simplicity and the soundness of the con- 
clusions reached in the Report of Committee E-6 on “Destructive Agents 
and Protective Treatments.” 

It has long seemed to me that in the search for formulas and refine- 
ments by which to produce good concrete the simple conditions of density, 
imperviousness, and non-absorptivity have been too much overlooked. It 
is very satisfying then to read such a frank, sensible, and important review 
of the situation as is presented in the last paragraph of this report. 
Much more hardly need be said and yet I would call attention to three 
thoughts brought out by the report. 

This report rightly lays large emphasis on the need of making con- 
crete impervious. I would add to this that concrete may be dense and 
yet may absorb moisture enough to become susceptible to frost action. 
A dense, compact concrete can absorb moisture through the nature of its 
aggregates—especially the fine aggregate-—and some of these have been, 
and may be, the channels for frost disintegration. This characteristic 
should not be overlooked when designing mixtures or accepting materials. 

The paragraph referring to “removal of laitance” contains this sen- 
tence: “The porous concrete immediately below the laitance still remains.” 
This porous concrete is evident in the upper part of the “lift” or “construc- 
tion unit” of too much of the concrete made. Over-wet mixtures are a 
cause, but another is that in the present day speed too often is emphasized 
at the expense of workmanship. The last part of the unit of poured con- 
crete is simply struck off and is but seldom compacted. Density of the 
lower part of the unit is produced largely by the weight of the material 
above, but the upper part has not the benefit of such weight. Therefore 
greater care and better labor should be used more. 

Just a concluding thought. The deposit on the face of concrete is spoken 
of as “efflorescence.” Technically, this may be correct. But is not that 
material found in conditions such as is referred to in connection with the 
illustration of “Dam A” much more than efflorescence; is it not more of an 
“inerustation” since it may have considerable thickness in the scale and 
may even be not in direct contact with the surface? 


C. A. P. Turner.—In one of these photographs the aggregate was Mr. Turner. 
Minneapolis blue limestone if I am not mistaken. I have never seen any 
concrete exposed to the climate of Minnesota that would stand up when 
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made of that material. My idea of getting permanent concrete is first sec 
that the aggregate is of permanent material—one that cannot be dis- 
integrated by frost as that kind of limestone disintegrates. 

Work put in with the same consistency or cement-water ratio using 
clean washed gravel, has stood up whereas this limestone concrete has 
disintegrated. 

We have examples of overhead bridges exposed to the locomotive ex- 
haust where there was no disintegration when washed gravel was used in 
the concrete and on the other hand where this limestone was used 214% in. 
disintegrated exposing the steel underlying surface and similar clearance 
heights. 


F. R. McMitian.—I call attention to Fig. 18A, in which only one-third 
is disintegrated. It is all made of the same limestone. Just why all of it 
has not disintegrated in fifteen years if the limestone is at fault, I will 
let Mr. Turner explain. 


Mr. TurNerR.—Limestone of that kind has layers which the quarrymen 
call soapstone, merely hardened sea bottom slime. Some of that is dis- 
tributed through various layers of this stone. There may be occasionally 
a few feet of fairly hard material. That is the difference between stone 
from the same quarry which will stand for a period of years when built 
in a wall and stone which disintegrates in a short time. The same differ- 
ence will be found in the same stone from the same quarry when crushed 
from different layers having these divergent characteristics. 


Pror. W. K. Harr.—lI think we should make some distinction between 
these various kinds of limestone, as Mr. Turner has indicated, because the 
oolitic limestone, as used for building purposes, will certainly stand ex- 
posure. There are certain bastard limestones that lie above the oolitic 
which contain clay seams. 


Mr. McMitian.—I know that such stone is undesirable, but it is very 
curious how the soapstone gets between the rods and the surfaces where 
the rods are near the surface, and more where they are forward. This 
failure is due to the nearness of the rod not to the soapstone or anything 
else. Wherever there is failure the rods are 1 in. from the surface; where 
the material is good the rods are back from the surface. 


THADDEUS MrRRIMAN.—As long as the concrete remains alkaline the 
steel will not rust. The alkalinity of the concrete disappears by reason 
of the combination of the calcium hydroxide it contains with carbonic 
acid from the atmosphere. It is very easy to trace this carbonation process 
from the surface toward the center of the mass and when it has extended 
far enough to reach the steel, rusting at once begins. 


Natuan C. Jounson (By letter) —My original comment made at the 
time of presentation of this report at the meeting at Chicago is no longer 
germane inasmuch as the report has been modified. 
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A careful perusal of this report, however, seems to require as com- Mr. Johnson. 
ment that it would be undesirable to have this report stand as representing 
the present state of knowledge of the art of making concrete as it is 
embodied in the many examples at hand of how not to make concrete. 

The report of this committee is interesting but elementary. The litany 
of ascribing disintegrations to “excess water, improper mixing and im- 
proper placing” is soothing but does not lead us to any useful conclusions. 

The photographs shown might even be said not to represent disintegra- 
tions but merely to represent the common result produced in the art. The 
only disintegration that the writer has noticed in any of the structures 
cited by the committee (and he is personally familiar with all but two) 
are simply a falling away of the obscuring outer skin with passage of 
time and a disclosure of the ugly facts underneath. 

It would have been much more to the purpose if the committee had 
considered from an expert viewpoint the disintegrations of stadiums and 
other structures where muck streaks and the like are not the predomi- 
nating effect. There is a vast amount of information, already at hand 
which bears upon true disintegrations; and there is also a vast amount 
of knowledge which is as yet unacquired or at least unclassified. 

It may be said as a demonstrable fact that every disintegration and 
its causes can be accurately determined by expert examination and that 
there is nothing which more truly leads to a knowledge of how to make 
enduring concrete than a proper study of disintegrations. 

At the present time this knowledge is not wide-spread. Because men 
are skilled in artistic design does not mean that they are qualified either 
to construct for permanence or to state the cause of disintegration. Be- 
cause certain men are slide-rule wizards does not mean that the structure 
which they design according to certain assumed formulas will have a use- 
ful or even reasonable life and endurance. Because certain other men are 
skilled in handling a gang or in laying out a concrete plant or in cutting 
costs does not mean that they have other than rudimentary knowledge as 
to what is necessary to prevent disintegration and to insure permanence. 

The burden under which the art at present labors is very largely the 
assumption of universal understanding by each one of these several groups; 
and the conferring on a vast structure of a sort of Papal blessing through 
virtue of a specification (which often is atrocious in itself) and by a few 
laboratory tests to confirm one formula or another as to strength. 

It would be a very great benefit to the art if the committee would re- 
assemble and consider disintegrations in their true significance and pub- 
lish complete data on this subject. 


Report oF CoMMiITTEE H-4 Fire RESISTANCE OF CONCRETE. 


Committee E-4 on Fire Resistance of Concrete was authorized by the 
Board of Direction at a meeting held in April, 1923. The purpose of the 
committee was the “study and review of test data and the results of fires 
on, and the fire resistance of, various types of concrete and make a report 
as early as possible on the comparative fire resistance of these various 
types of concretes with special reference to the kind of aggregate.” The 
committee was organized in November, 1923, and assignment of subjects 
to the members made. As the work of the committee had barely got 
under way before time for the 1924 convention no report was made other 
than an outline of the proposed work and a list of the assignments was 
sent to the secretary. 

A further assignment of work for the committee was made in June, 
1924, with the request that the committee report “what, if any, action 
should be taken on the matter of adoption of the 1918 Proposed Standard 
Specifications for Fire Tests of Materials and Construction.” 

This specification is now undergoing a thorough revision in preparation 
for advancement as an American Engineering Standard. The sponsors 
for the work are the American Society for Testing Materials, the fire- 
protection group of the American Engineering Standards Committee, and 
the United States Bureau of Standards. The membership of the committee 
working on these revisions includes all those participating in the original 
work with the exception of the Engineering Institute of Canada and has 
been extended to include the Canadian Engineering Standards Association 
(through a liason member), the Office of the Supervising Architect, U. S. 
Treasury Department, the Building Officials Conference, Prof. Albin H. 
Beyer, of Columbia University, an independent specialist in this kind of 
testing, and eight of the large organizations of industries directly 
affected. In addition to the revision of the previous specification, it is 
proposed to extend the standards to include specifications for fire tests of 
materials and structural units which constitute permanent integral parts 
of a finished building. 

The work of this committee, under the able direction of Ira H. Wool- 
son as chairman, is progressing very well and it is quite possible that it 
will go to the sponsors this year and, if acceptable, will doubtless be sent 
to the main committee for adoption. 

In view of the foregoing your committee, H-4, recommends that no 
action be taken at this time toward the adoption of the 1918 Proposed 
Standard Specifications for Fire Tests of Materials and Construction as 
standard. 


(284) 
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Through assignment of various subjects to the several members of the 
committee studies of test data and reports of fires in concrete buildings 
have been made and certain Suggestions on the design and construction 
of reinforced-concrete structures so as to provide greater resistance to fires 
were obtained. No meeting of the committee has been held. It had been 
the hope of the chairman, however, that when the material from the differ- 
ent assignments was ready, to call a meeting of the committee to review 
the whole report in detail and put the information of the collected studies 
in a form more useful to the Institute membership. The mass of data 
and reports to be reviewed, the variations in test methods and the manner 
of reporting tests, the seemingly contradictory results of tests in some 
cases and the inability to make direct comparisons have made the work 
of correlation very difficult. No review of reports on the fire resistance 
of building units (blocks, ete.), plastered constructions nor gunite walls 
is included, as these have been reported by others. 

Probably the most valuable contribution to the study of the effects 
of fire on concretes in which the various aggregates are used was the series 
of tests of the special commission formed -by the British Fire Prevention 
Committee. And next in importance the tests of the Bureau of Standards 
at. Pittsburgh and those at the Underwriters Laboratories in Chicago made 
jointly by the Underwriters Laboratories, The Factory Mutual Insurance 
companies and the Bureau of Standards. These tests gave results which 
correspond with the conclusions drawn from Prof. Woolson’s tests which 
were reported to the American Society for Testing Materials in 1905, 1906 
and 1907 and will be reviewed very briefly. ‘There is appended also a 
résumé drawn from our studies and a few admonitions concerning details 
for securing fire resistance in reinforced-concrete buildings. Only a few 
of the reports of the effects of fires in buildings have been studied carefully. 
Those from which we have been able to get the most valuable information 
on the effects of fire on the concrete are: 


Report of Committee on Edison Fire, Proceedings, American Concrete In- 
stitute, 1915, p. 585. 


Fire at the Venesta Works, Silvertown, London, British Fire Prevention 
Committee Red Book No. 211, 1917. 


Fire in a Reinforced-Concrete Warehouse at Far Rockaway, New York, 
by Ira H. Woolson, published by the National Board of Fire Under- 
writers, New York, and by the British Fire Prevention Committee, 
London, as Red Book No. 214. 


The Fire on the Quaker Oats Uo.’s premises, at Petersboro, Ontario. 
British Fire Prevention Committee’s Red Book No, 225, 1918. 


Lessons in Tire-Resistance from the Frankford Fire—W. A. Hull, 
Proceedings, American Concrete Institute, 1921, p. 205. 
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Report of Committee on Far Rockaway Fire, Proceedings, American 
Concrete Institute, Vol. XVII, 1921, p. 368. (This also gives a brief 
report of the fire in the Barrett Manufacturing Co.’s plant at Frank- 
ford, Pa. 


In general, it may be stated that these reports of fires confirm fully 
some of the conclusions drawn from the reports of tests mentioned above, 
particularly with respect to the susceptibility of certain aggregates to 
spalling in fires. 

Another phase of the problem of fire resistance is the determination 
of the probable intensity and duration of fires in the various building occu- 
pancies and under different kinds of exposure conditions. Careful obser- 
vation of fires in buildings should give some light on this problem. There 
is need also of investigation of the subject by means of such tests as can 
be made in houses and buildings representative of the various classes 
of construction to be considered. From the literature of the subject not 
much information can be had, but such as there is, is of great value. It 
is particularly important to know what are the effects of increasing areas 
between fire walls or partitions, and what are the effects of fires burning 
in successive stories of fire-resistive buildings. There are also to be con- 
sidered conflagration conditions, which appear to be the most severe of all 
in their destructive effects on buildings. 

Little information as to the effect of thickness of members on the fire 
resistance of reinforced-concrete structures has been found. Some experi- 
ments have been made with columns’ and floor slabs? of different thicknesses 
and kind. It has also been observed in fires in buildings that there is some 
tendency for structures having thin floor slabs to thick beams to suffer 
from unequal expansion effects. Nothing of a quantitative nature is known 
of this either. Both of these subjects need further study. 

There is appended to this report a brief bibliography of “the fire 
resistance of concrete.” -In presenting this we wish to express our appreci- 
ation of the assistance of Prof. Duff A. Abrams, of the Structural Materials 
Research Laboratory, Lewis Institute, Chicago. From his “Bibliography 
on Effect of Fire on Concrete” a very large number of the references listed 
herein were taken. Other references, from various sources, include a num- 
ber which relate particularly to building stone. These have been jncluded 
as of possible interest in the consideration of the different kinds of aggre- 
gate. There are also numerous references to abstracts and duplicates of 
articles appearing elsewhere in the list. However, these have been included* 
because some libraries might have some, but not all, of the books or 
periodicals in which a subject is treated, and? because occasional comments, 
and references, sometimes appearing in the briefer articles, might be of 


interest. 


iPests of Concrete Columns at the Pittsburgh Laboratory, of the U. S. 
Bureau of Standards. ; 

2Tests conducted by the Special Commission formed by the British Fire 
Prevention Committee, see foot note on page. 
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The committee plans, with the consent of the Institute, to proceed 
with gathering such additional material as it can concerning the fire 
resistance of concrete and will try to present it in a form to make it more 
readily available to those interested. This report represents the progress 
of the work so far. 

The committee consists of five members, all of whom have approved 
this report. 

Notan D. Mrrcnetn, Chairman, 
J. R. Dwyer, Secretary. 


TESTS OF CONCRETE BY THE BrRivisH Fire Prevention COMMITTER.* 


This series of tests, which started in October, 1917, and lasted until 
September, 1919, was the most comprehensive ever undertaken. The pri- 
mary object was to study the effect of fire on concrete made with different 
aggregates. It is unfortunate that it was discontinued before the comple- 
tion of the program. The site of the testing station was acquired for 
other purposes and the apparatus had to be dismantled. 

Tests were made of both plain and reinforced-concrete slabs having 
natural and (or) artificial aggregates for fire resistance, resistance to 
erosion from hose streams and for heat conductivity of the materials. 
Auxiliary tests were made for compressive, bending and shearing strengths 
of the various concretes tested. Comprehensive studies of the aggregates 
and concretes were made. 

Ninety-two plain concrete slabs 10 ft. 8 in. long by 3 ft. 6 in. wide 
and 54% in. thick, exposing 10 ft. by 2 ft. 9 in. of the soffit, were fire tested, 
while under superimposed loads. Of these 49 had natural aggregates, the 
others artificial aggregates. The natural aggregates included six kinds 
of gravel from seven sources, seven kinds of sandstone, four limestones, 
and eleven igneous rocks, five of which were commonly classed as granites. 
The artificial aggregates included five kinds of brick, a burnt clay, blast- 
furnace slag from two sources, coke breeze and pan breeze from two sources 
each and clinkers from three (two from bituminous coals, one from anthra- 
cite). 

The 67 slabs of reinforced concrete were 11 ft. 6 in. square with ex- 
posed soffits 10 ft. square. The two-way reinforcement of 3é-in. plain 
round rods, alternately of lengths 11 ft. 3 in. and 9 ft. 3 in., with fish- 
tailed ends, was placed in various slabs at 1% in., 1 in., 1% in., and 
2 in. from the bottom of the slabs. The effective depth of the slabs varied 
from 314 to 3% in., the greater depths being required for the concretes 
of lower strength. The computations for the strength of the slabs were 
made on the basis of the French rule in which the bending moment in 
217, 218, 219, 224, 208, 287, 243, 249, on plain concrete slabs? Nos. 321, 332, 
223, 226, 227, 229, 231, 232, 234, 238, 239, 242, 244, 246, 248 and 250, on 
reinforced concrete slabs; Nos. 251 and 252, on conductivity of heat through 


i } ipti ; ; 257, mechani- 
; No. 256, geological notes and descriptions of aggregates ; No. ‘ 
Pia of penercten: and No. 258, synopsis of the tests. 
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each direction is considered to be equal to a Thirty-five of these slabs 


had natural aggregates: 16 of gravels (two kinds), 4 of sandstones, 3 of 
limestones, and 12 of igneous rock. Of the twenty-eight slabs having 
artificial’ aggregates 10 had broken brick, 4 crushed burnt clay, 6 coke 
breeze, 4 pan breeze, 3 clinker and 1 blast-furnace slag. The total thick- 
ness of the reinforced slabs varied from 4 in. to 54% in. 

The fire test period for 44 of the plain concrete slabs was three hours 
followed by a two-minute application of water from a %-in. nozzle 
(pressure nearly 50 lb. per square inch). Twelve were similarly exposed 
to fire without the subsequent application of water. The superimposed 
loads were 224 lb. per square foot. Twenty-two slabs were loaded to 280 


Resuuts or Conpuctivity Tusts By THE British Fir—E PREVENTION 


CoMMITTEER.~ 
Number of Kind of Coarse Kind of Fine Mee Or oe orca fee 
Sample Tested Aggregate Aggregate Pestecion! Preteckone 

Dis onteenaee ore Limestone.......<.-- 1:2:4 100 100 
Beal Saneaonae Whinstone Traprock . 1:2:4 89 95 
S S Dior. ate Basalitcc tenia S 1:2:4 84 99 
Bion Gtame cece Sandstone........... 1:2:4 83 96 
SU Sauer siete iter wena 1:2:4 69 90 
ec Wi a Irish Pit Pebble..... 1:2:4 67 66 
Oe ADE AOE TAVElla. ear sae lee 1:2:4 66 87 
i eee rs Pan Breeze......:... 1:2:4 91 88 
£2 aah arenerae Burnt Gault Clay... . 1:2:4 88 121 
FE a ouoda ct Slag-Br san acesnae 1:2:4 81 81 
& & FE Nonemt ne a-creatses 1:5 78 108 
Tae ede coool Brick: * nner 1:2:4 73 96 
a Ss Seen won Coke Breeze......... 1:2:4 72 82 
Si aa eoerere Clinker ciao anneciene 1:2:4 61 86 
1 Dea tosceercta Coke Breeze......... 1:2:4 29 53 


1 Based on the time required for concrete to attain 1000 deg. F. at one inch from soffit of slab. 
2 Based on the relative temperatures attained at the end of 4 hours. In each case limestone concrete 
considered as 100 as an arbitrary point on the scale. 


Ib. per square foot and subjected to four hours’ fire and five minutes’ appli- 
cation of water. Fourteen other slabs had protective coatings of plaster 
and (or) concrete applied to the soffit. Most of the slabs were of 
1:2:4 mix; there were, however, several in which richer mixes were 
used and in some instances fine aggregates other than sand were employed. 

The gravels, sandstones, granites and other highly siliceous aggre- 
gates were unsatisfactory, while the fine-grained igneous rocks, classed as 
basalt, dolerite and trachyte gave satisfactory results. The limestones 
were better than the siliceous aggregates, the fine-grained stone being dis- 
tinctly better than the coarse-grained. 

Coarse aggregates of clean broken bricks and burnt clays gave the 
most satisfactory results from strength and resistance to fire. Blast- 
furnace slag appeared to be almost as good. Pan breeze and clinker were 
fairly satisfactory as aggregates for plain concrete slabs. In some cases 
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coke breeze used as fine aggregate gave better results than sand in com- 
parable slabs. 

Not all aggregates suitable for plain concrete slabs give good results 
in reinforced concrete, usually, however, aggregates which are unsuited 
for one are not suitable for the other. This has proven to be the case 
with the gravels, sandstones, and the coarse-grained and highly siliceous 
rocks. Those aggregates which gave the best results in plain concrete 
have proven to be the most satisfactory ones in the reinforced-concrete 
slabs. Pan breeze and coke breeze which gave fairly satisfactory results 
in plain concrete slabs did not give satisfactory results in the reinforced 
slabs. 

Siliceous gravel in equal proportions with basalt for the coarse aggre- 
gate in 1: 2:4 mixtures did not give satisfactory results in either plain 
or reinforced concrete. Nor were the siliceous gravel concretes with 1-in. 
protective coatings of coke breeze, pan breeze, or broken brick concretes 
on the soffit satisfactory in either the plain or reinforced slabs, except 
in the case of thoroughly dried, year-old slabs. One case of 2-in. pro- 
tective coating gave satisfactory results with a plain slab. One-half inch 
of gravel concrete plus 1 in. protective coatings of fine coke or pan breeze 
mortars as protection to the steel in reinforced-concrete slabs was not 
sufficient. 

In parallel with the tests of plain and reinforced-concrete slabs the 
heat conductivity of the various concretes was measured. In 22 of 30 
tests the temperature at 1 in. from the soffit was 1,200 deg. F. or higher 
at four hours. The coarse aggregates in the slabs which did not attain 
to 1,200 deg. F. were slag, limestone (2), basalt, andesite, coke breeze, 
broken brick and dolerite (whinstone). The highest temperatures at 
points near the top of the slabs were attained with concretes having as 
coarse aggregates siliceous gravel (2), calcareous gravel, coke breeze and 
quartzite. 


CoLuMN TESTS AT THE PITTSBURGH LABORATORIES OF THE BUREAU OF 
STANDARDS. * 


The following is a summary of the results of the fire tests of concrete 
and reinforced-concrete columns made at the Pittsburgh laboratories of the 
Bureau of Standards by W. A. Hull and reported by him in the Proceedings 
of the American Concrete Institute. The investigation was designed to 
secure information as to the effects of the kind of aggregate, the type of 
reinforcement and the shape of the cross-section on the fire resistance and 
the strength of the column at high temperatures. 

The fire tests were made on 62 columns subjected to normal working 
loads. Compression tests were made on 16 comparable columns which 


e imi Reports: ; ee 
Hire este of Concrete Columns, W. A. Hull, Proceedings, American Con- 


erete Institute, Vol. XIV, 1918; Vol. XV, 1919, Vol. XVI, 1920. 


inal Report: : - 
ee of Standards Technologic Paper No. 272, Fire Resistance of Concrete 


Columns, by W. A. Hull and S. H. Ingverg, physicists. 


290 Frre RESISTANCE OF CONCRETE. 


were not subjected to fire. Those columns which did not fail during the 
four-hour test were subjected at once to additional loads to determine 
their strength while hot. Three columns were of plain concrete without 
reinforcement, 23 had 2 per cent of vertical reinforcement with only a 
nominal amount of lateral reinforcement in the form of 4-in. wire ties 
spaced 12 in. apart, and the others had 2 per cent of vertical reinforcement 
of bars and 1 per cent lateral reinforcement of 5/16-in. steel wire in the 
form of spiral hooping. Thirteen of the columns were 16 in. square, the 
others round with diameters of 12, 18 and 20 in. 

Since it had been indicated in the previous fire tests that the kind 
of aggregate had a decided influence on the fire resistive properties of con- 
crete a wide range in the mineral composition of aggregates was intro- 
duced. Most of the columns had protective coverings of concrete cast 
monolithic with the column, some, however, had other kinds of protective 
covering. The coverings were made 1% in. or 2% in. in thickness. Three 
had light-weight expanded metal; others wire mesh placed near the sur- 
face to prevent the covering materials from being dislodged in cases of 
cracking and spalling. Some of the coverings were plastered on metal 
lath. The temperature in the gas-fired furnace was increased as nearly 
in accordance with a predetermined time-temperature curve as possible. 

The tests gave widely different results due mainly to the differences 
in the mineral composition of the aggregates. Aggregates with high 
quartz, chert or granite content are likely to induce spalling or serious 
cracking of the concrete when subjected to fire of moderate intensity and 
duration. On the other hand, concretes made with calcareous aggregates, 
such as limestone or calcareous gravel, suffer few visible effects even when 
exposed to very severe fires of four hours’ duration. Concretes made with 
trap rock or blast-furnace slag give results intermediate between these. 

The poor showing of the concrete columns made with siliceous aggre- 
gates when subjected to fire is due mainly to the expansion characteristic 
of quartz and other forms of silica and minerals containing them. They 
spalled ‘and cracked very badly, exposing the reinforcement in most cases 
to the high temperatures of the furnace. Increasing the thickness of the 
covering to 2% in. did not give suitable protection. Siliceous materials 
are so important economically and since they constitute the only available 
aggregate in many localities experiments were made to determine whether 
concretes made with them could be protected against the serious fire effects 
here noted. Some columns were protected by the application of plaster on 
metal lath, others, by a special mixture of asbestos and other fire-resistive 
materials bound on with wire netting, and some by placing a light-weight 
expanded metal sheet inside the forms before casting the columns. The 
first two methods are applicable to structures already erected, the latter 
only to those in process of construction. The light-weight expanded metal, 
when placed in 214-in. protective concretes made of siliceous gravel and at 
the proper distance from the surface effected a great improvement. The 
columns so made withstood fires of four hours’ duration while subjected 
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to normal loads, and at the end, loads from two to over four times as 
great before failing. The effect of adding secondary reinforcement to the 
1%4-in. protection is to increase the fire resistance period for columns of 
200-sq. in. sections from 2% hours to 3% hours and when added to the 
2%-in. protection, to increase the fire resistance period from 3 hours to 
6 hours. Columns made with trap rock or blast-furnace slag concrete 
suffered less damage from the fire and consequently had greater ability 
to come through the tests without failure. Columns made with concrete 
having limestone or calcareous gravel aggregates made quite the best show- 
ing of all columns having concrete protection. They did not crack or spall 
extensively, nor did the dehydration of the concrete reach to as great a 
depth. The limestone near the surface was calcined. Concretes made with 
these aggregates had better heat insulating qualities than the others. 

Such columns with the proper amount of vertical and lateral rein- 
forcement protected by 144 in. of concrete outside of the steel resist test 
fires comparable to the most severe fire conditions that may reasonably 
be expected with almost any building occupancy. The shape of the column 
section whether round or square was, so far as could be observed, of 
minor importance with respect to fire resistance. The type of -reinforce- 
ment, however, has some small influence. Columns without reinforcement, 
when not subjected to bending or excessive stresses, may be expected to 
resist fire as well as reinforced columns. With spirally-hooped reinforce- 
ment there is some tendency to separation of the protective covering from 
the column along the plane of the spiral when siliceous aggregates are 
used, and round columns of such concrete with vertical reinforcement and 
lateral ties are slightly more resistant to fires than square ones. These 
effects on 16-in. diameter round columns of 1 : 2: 4 in. of monolithic pro- 
tective covering outside of the vertical reinforcement when expressed 
in resistance time are as follows: 

When lateral ties are used the fire resistance period is 3 hours; and 
2% hours when spiral hooping is introduced. Changing the section from 
round to a square one of the same gross area also reduces the resistance 
period to 2% hours. The embedment of light-weight expanded metal or 
wire mesh in the protective covering to prevent spalled portions from 
falling away increases the resistance periods of all three types to 3% 
hours. 


TESTS AT THE UNDERWRITERS LABORATORIES, CHICAGO,* 


Fire tests were made of 106 columns. All were 15 ft. 8 in. long and 
had 12 ft. exposed to the fire. The testing furnace, partly open, is shown 


*Technologic Papers of the Bureau of Standards No. 184, Fire Tests of 
Building Gatawas by S. H. Ingberg, Physicist ; H. K. Griffin, Associate Physicist, 
Bureau of Standards; W. C. Robinson, Vice-President, Underwriters Laboratories ; 
R. B. Wilson, Engineer, Associated Factory Mutual Wire Insurance Companies. 

Fire Tests of Building Columns by Associated Factory Mutual Fire Insurance 
Companies, The National Board of Fire Underwriters and the Bureau of Stand- 
ards, published by the Associated Factory Mutual Insurance Companies, Boston, 
and the Underwriters Laboratories, Chicago. 


292 Fire RESISTANCE OF CONCRETE. 


FIG. 1—VIEW OF COLUMN TESTING EQUIPMENT USED IN MAKING FIRE TESTS 
ON BUILDING COLUMNS AT UNDERWRITERS’ LABORATORIES. FURNACE WITH 
SAMPLE INSTALLED AND ABOVE IT THE HYDRAULIC CYLINDER 
FOR LOADING. 
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-in Fig. 1. Loads were applied to the columns by means of the hydraulic 
cylinder mounted above the furnace. There were 91 fire-endurance tests, 
and 15 for fire and water effects. Included in the fire-endurance tests were 
unprotected and partly protected columns of timber, structural steel, steel 


FIG. 2.—SQUARE VERTICALLY REINFORCED COLUMN: 1: 2: 4 CHICAGO LIME- 
STONE CONCRETE. AFTER 8 HOURS 40 MIN. EXPOSURE TO STANDARD 
FIRE CONDITIONS AND 3 TIMES ITS NORMAL WORKING LOAD. 


pipe and cast iron; and protected columns of timber, structural steel, 
cast iron and reinforced concrete. 

The covering materials used to protect the columns were: Cement 
plaster on metal lath, hollow clay tile, gypsum block, brick, and concrete. 
The concrete for the protection of the structural steel and cast-iron columns 
was in most cases of 1: 2:4 mix. There were, however, a few examples of 
other mixtures, 1 : 2:5 cinder concrete and 1:3: 5 stone concrete. The 
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thickness of the protection was either 2 or 4 in. ‘Typical sections of - 
columns having concrete protective coverings are shown in Fig. 2. The 
aggregates used were (1) Plum Island (Mass.) sand and Rockport gran- 
ite; (2) Long Island (N. Y.) sand and hard coal cinders; (3) Long 
Island sand and New York trap rock (diabase); (4) Pelee Island (Ont. ) 

sand and Cleveland sandstone; (5) Meramec River (Mo.) sand and Mera- 
mec River gravel; (6) Fox River (Ill.) sand and Joliet (Ill.) gravel; and 

(7) Fox River sand and Chicago limestone. The combinations of aggre- 

gates 3 and 7 only were used in the reinforced-conecrete columns for fire 

tests. All the combinations of aggregates were used in the fire and water 

tests by making a 3-ft. section of the column with one kind, the next 3 ft. 

of another, ete. 

For both the concrete protections to the steel columns and the rein- 
forced-concrete columns square sections with slight chamfers on the corners 
and round sections were made to determine whether the shape of the sec- 
tion of the column had any very great effect on its fire-resistive qualities. 
The influence from this cause had little effect, so far as could be observed, 
or at least was so small compared with the effects from other causes that 
it was not possible to draw any definite conclusions. The mechanical 
properties of the concretes varied widely, the strength from 1,560 to 2,100 
Ib. per square inch at 28 days, and the modulus of elasticity from about 
1,000,000 to over 4,000,000 Ib. per square inch. - The fire resistance, it 
seems, was not seriously affected by these variations in compressive strength, 

The mineral composition of the aggregates had the most influence on 
the fire-resistive properties of the concrete. Not only were some of the 
concretes distinctly better than others but showed greater recovery of 
strength after exposure to fire. 

With regard to the variations of the fire resistance of the concretes 
with respect to difference in aggregates used, it might be well to quote from 
Technologic Paper No. 184, p. 179, “With a given thickness or size of 
covering the main cause of variation in results was the difference in the 
fire resisting properties of concrete made with different aggregates, 

In this particular the concrete can be placed in three groups. That 
giving the most unfavorable results was the concrete made with the Mera- 
mec River sand and gravel, a number of large cracks forming early in the 
tests followed by spalling of large and small pieces of concrete not held 
by the ties. This sand and gravel consists almost wholly of quartz and 
chert grains and pebbles, the gravel having a particularly high chert con- 
tent. Both minerals are forms of silica (SiO,) the quartz being crystalline 
and anhydrous, and the chert amorphous, with a variable amount of water 
in chemical combination. On being heated part of the combined water in 
chert is liberated, and the consequent vaporization disrupts the pebbles. 
Other causes of disruption of concrete made with siliceous aggregates are 
abrupt volume changes, points of which are known to exist for chert as 
as low as 210 deg. C. (410 deg. F.). Quartz has a decided point of abrupt 
volume change at 573 deg. C (1063 deg. F.), where it is transformed into 
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Beta quartz and later into the mineral tridymite, the change extending 
over a considerable temperature range when the heating is rapid, Liquid 
inclusions contained in small cavities formed when the rock crystallized 
from the molten condition, may be the cause of some of the cracking 
incident with fire exposure. 

The middle group includes concrete made with trap rock, granite, sand- 
stone, and hard coal cinder. In tests with trap rock and cinder concrete 
a small amount of cracking developed during the last part of the fire 
period, but no spalling of note occurred before failure. In the granite 
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FIG. 3.—RATE OF HEAT TRANSMISSION THROUGH VARIOUS AGGREGATE: 
4-IN. CONCRETE. 


concrete protections cracking and spalling of the corners outside of the 
wire ties began in the first 30-min. period and continued during the next 
hour, after which there was little apparent change before failure. The 
spalling exposed portions of the flange edges, which to some extent hastened 
the failure. The average time to failure in tests with sandstone-concrete 
protections was intermediate between those with trap rock and those with 
cinder concrete. The cracking of sandstone concrete after a short fire 
exposure can be ascribed mainly lo the abrupt volume change of the con- 
stituent quartz grains as noted above. 

Fusion of the trap rock concrete occurred where the tests extended 
beyond 7 hours, the concrete being affected to a depth of about 1% in. 
Flowing of concrete due to fusion, while not general, occasionally formed 
pockets up to a 2-in. depth. Incipient fusion to about the same depth 
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occurred in the 4-in. granite-concrete protections, although no actual flowing 
of concrete took place. 

The third group comprises protections of Chicago-limestone concrete 
and Joliet-gravel concrete. The composition of this gravel is similar to 
that of Chicago limestone, and the fire resisting properties of the concrete 
made with each compare quite closely. Very little cracking resulted on 
exposure to fire and their heat-insulating value was increased by the 
change of the calcium and magnesium carbonates to the corresponding 
oxides. This process retarded the flow of heat through the region of 
change and left material of good insulating properties. Immediately after 
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the test the surface of the concrete was firm, but after a few weeks’ ex- 
posure the hydration of the oxides caused slaking and crumbling of the 
calcined materials. 

Figs. 3 and 4 show the rise of temperatures at depths of 2 in. and 4 in. 
from the surface of columns. These rates of rise of temperature are in a 
measure an indication of the heat transmission through the concrete made 
with the various aggregates. Meramec-River-gravel and hard-coal-cinder 
concrete fall in the class showing the greatest rise of temperature in a 
given time, while limestone concrete shows the least. 

The features of greatest interest in connection with the tests are the 
useful limits of the protective coverings when subjected to fire and the 
value of the column afterwards. Ratings in fire resistance made after all 
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phases of the tests had been carefully considered, are given in the following 
table: 


Fire Resistance Periops Dmertvep From tHe Test RESutts. 


Protection Minimum | Nominal 
Area of | Thickness Fire 
Type of Column : : Solid of Resistance 
Material Details Materials, | Protection,| Period, 
sq. in. in. hours 
Structural Steel....] Concrete; sil. gravelag- | Mixture 1:6 tied with 100 2 1 
gregate. steel ties or wire mesh 
equivalent to not less 
than No. 5 B. & S.) 
wire on 8 in. pitch. 
StructuralsSteelss.:.|\\dOnes. esas os «alee se ance dO reyacynsplerns SP seein 200 4 214 
Structural Steel....} Concrete; granite sand- | Mixture 1:6, concrete 100 3 244 
J stone or hard coal] tied as above. “ 
cinder aggregate. i 
Biruchurala steel aes | (WO%t.. nieces cette ORG nee fen cuitaces 140 3 344 
Structural Steel... .\| dO: ccs <sie00 00.01- ares GON. Misstian tea iateae 200 4 5 
Structural Steel....} Concrete; trap rock ag-| Mixture 1:6 tied as 100 2) 3 
gregate. above. 
Structurali steel. 5-1 Os. acesisiack siaiesuncs OFM rn eisceieiee 140 3) 4 
Structural’ Steelieailido se. oasciskiesns acresiaiect COPS ae nopene acest hd 200 4 5 
Structural Steel....| Concrete; limestone or | Mixture 1:6. Concrete 100 2 4 
calcareous gravel ag- tied as above. 
gregate. 
Siructurall Steels sel donsers.ccieselecines oes d0shecavatsat Macecces 140 3 
Structural creel. <i kGGseasac onsets ae dO ne rettwntetietiesciabten 200 4 8 
Reinforced Concrete | Limestone or calcareous | Mixture 1:6. Concrete 220 2 8 
gravel concrete. reinforced with ver- 
tical bars and lateral 
ties or hooping. 
Reinforced Concrete | Trap rock concrete..... OO se wore sgmvccecutete Senos s 220 2 5 


The condition of the 1:2:4 limestone reinforced-concrete column 
No. 70 after the fire test was as follows: 

This column was 16 in. square. The reinforcement consisted of four 
l-in. square bars with 14-in. diameter wire hoops spaced 12 in, ¢. to e¢. 
The area within the hoops was 12 by 12 in., the outer 2 in. of the 
column serving as the protective covering. The working load sustained 
throughout the 8-hour fire test was 101,000 lb, After eight hours, with 
the fire continued, the load was increased until at 8 hours 404% min. the 
column failed, under a load of 294,000 lb. The factor of safety of this 
column at the end of the 8-hour test was approximately three. After the 
failure the concrete near the outside was found to be calcined, but the 
surface was hard due to the incipient fusion of the sand. 

A column identical in all details except that the aggregates were 
Long Island sand and New York trap rock failed under the same working 
load (101,000 lb.) at 7 hours 22%4 min. Comparative tests of one pair of 
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round columns with six i-in. square bars placed vertically and 4-in. 
diameter wire hoops, and another pair with six 34-in. square bars and 44-in. 
spiral hooping with 114-in. pitch gave results closely comparable to those 
of the square columns, the trap-rock-concrete column with the spiral hoop- 
ing withstood the 8-hour test and a load 25 per cent in excess of the 
working load at its conclusion. 

In the firé and water tests of reinforced-concrete columns the 1-hour 
fire affected the limestone and trap rock concretes very little, while the 
siliceous gravel concrete cracked and spalled, exposing portions of the rein- 
forcement in the spirally hooped column. The water application carried 
away the concrete previously damaged by fire and some adjacent portions. 
The vertical bars of the square column were quite generally exposed, and 
bars and spiral hooping of the round columns in the portion made with 
the siliceous gravel concrete. After the fire and water tests the columns 
were loaded to about four times the working load before failure occurred. 
The condition of the columns was not such that they would be subject to 
early failure in the case of a recurring fire. 


REsUMs. 

The lessons that may be drawn from the studies so far made by the 
committee are that the fire resistance of concretes depends to a great 
extent on the kinds of aggregates used. Aggregates, such as the siliceous 
gravels used in the tests reviewed, result in concretes which are likely to 
spall rather quickly when exposed to fires. Small percentages of chert 
or other highly siliceous aggregates mixed with aggregates which do not 
spall may still cause serious cracking and spalling. Sandstones and gran- 
ites vary somewhat in affecting the fire resistance of concretes in which 
they are used as aggregates, but usually the results are slightly better 
than with the siliceous gravels. Both have the tendency to crack and 
spall. Hard-coal-cinder concrete does not show this tendency but transmits 
heat more readily, therefore, does not give longer protection to the steel 
and structural concrete. Concrete made from blast furnace slag gives 
results in fire tests about equal to those of trap rock concrete. Both are 
decidedly better than concretes having the highly siliceous aggregates. In 
nearly all tests limestone has been shown to be superior to all the other 
natural aggregates in its fire resisting qualities. There is little or no ten- 
dency for the limestone concrete to spall or crack and its insulating value 
is generally greater. In fires of long duration the limestone aggregate 
near the surface becomes calcined and in some cases necessitates more sur- 
face repair to the protective covering than where trap rock is used, but 
these cases are the exception rather than the rule. So far as tests have 
been made it has been found that for rocks of a given mineral composition 
those of coarsely crystalline structure are not as resistant to fire as those 
of fine structure. Broken bricks or burnt clay aggregates give favorable 
results in strength and fire resistive properties. 

Thick sections are more resistant to fire than thin ones. However, 
when the same thickness of protective materials are used the thinner sec- 
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tions will have a larger gross area in proportion to the effective structural 
section than the thicker ones. 

Protective coverings should be proportioned in accordance with the 
fire resistive qualities of the materials and the exposure conditions of the 
member protected. Free standing columns and deep girders require equal. 
thicknesses of protection, beams of secondary importance or of small size 
may require somewhat less and slabs least of any of the ordinary mem- 
bers. The thickness of protective covering for columns, girders and other 
equally important members should not be less than 114 in. unless the fire 
resistance characteristics, the materials and construction, and their condi- 
tions of service are known to warrant less. 


Deraits or Desien, 

Certain admonitions regarding the design of teinforced-concrete build- 
ings may be in order here. 

Columns.—As far as possible use round columns if the aggregates used 
show tendency to spall in fires. If square or oblong columns are used 
the corners should be chamfered. The vertical reinforcement of columns 
should be thoroughly hooped or tied, and should be rigidly held in place 
in the forms so as to be imbedded to a depth of 114 in. from the surface. 
When conditions require it, as, for instance, where extra fire hazards exist, 
an extra inch of material all around columns is needed. 

Girders and Beams.—The bottoms of girders and important beams 
should have 11% in. of protective concrete below the reinforcement. Addi- 
tional covering will be required where extra fire hazards exist the same as 
for concrete columns. The embedment of the reinforcement from the side 

of these members should be not less than 1% in. Closely-spaced stirrups 
in the region of the beam where the reinforcement is subjected to com- 
pressive stresses will be helpful in cases of fire. 

Less protective material may sometimes be allowable in unimportant 
beams, not because they are more fire resistant but because the conse- 
quences of damage by fire may not be so serious. 

Slabs.—The protective covering to the reinforcement of slabs and walls 
should be 34 in. when non-spalling aggregates are used. The use of aggre- 
gates which spall in fires makes it advisable to have not less than 1 inch 
of protective covering. Where the probability of prolonged fires is present 
use a greater thickness of protective concrete and avoid covering having 
spalling types of aggregates altogether unless it is effectively bonded to 
the slab with a secondary reinforcement of metal fabric. The greater 
thickness of concrete of the kind that spalls is not necessarily more effect- 
ive unless it is so bonded that spalled material can not fall away. Avoid 
tying thick and thin sections of concrete together in such a way that 
rapid heating will cause rupture from unequal expansion. 

Expansion Joints.——The spacing of expansion joints close enough to- 
gether to prevent excessive stresses in columns and floors from unequal 
heating will result in less damage in cases of severe fires. 
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decide whether demolition or reconstruction shall suc- 
ceed a conflagration. 


Concrete as a Fireproof Building Material. 
Sci. Am. Supp., v. 62, p. 25527, July 14, 1906. 


Economical Design of Reinforced Concrete Floor Systems for 
Fire Resisting Structures, by J. S. Sewell. 
Trans. A. S. C. E., v. 56, p. 252, 1906. 
Treatise on design of floor systems and advantages of 
several types in severe fire. 


Fire Resistance of Buildings Constructed with Reinforced Con- 
crete, by J. Sheppard. 
American Architect, Aug. 4, 1906. 
Read at Milan Int. Fire Congress; considers things es- 
sential to make this material reliable as a fire re- 
sistant. 


Tests of Effect of Heat on Reinforced Concrete Columns, by 
H. B. MacFarland, Armour Inst. 
Eng. News, v. 56, p. 316, Sept. 20, 1906. 

Details of experiments made 1904 at the Chicago Lab- 
oratory of the National Fireproofing Co., on three 
columns of 1-2-3 concrete, using limestone as aggre- 
gate and subjecting two to fire test (one having tile 
fireproofing material around it), and third subject to 
fire and water test. 


Investigation of the Thermal Conductivity of Concrete and 
Effect of Heat upon its Strength and Elastic Properties, by 
I. H. Woolson. 
Proce. Am. Soc. Test. Mat., v. 6, p. 433, 1906. 
Abs. Eng. News, v. 55, p. 723, June 28, 1906. 
Describes laboratory tests using limestone, trap, cin- 
ders, and gravel aggregate in concrete. 
Natl. Fire Prot. Assoc., 1909 Proc., p. 166. 


Model Reinforced Concrete Theater for Studying Theater Fires, 
by E. Probst; Fire Resistance of different concretes, 
Cem. and Eng. News, Feb., 1906, p. 34. 


Fire and Water Tests of Stone Concrete and Cinder Concrete 
Floors Reinforced with Corrugated Bars, by F. C. Van Dyck. 
Eng. News, v. 55, p. 115, Feb. 1, 1906. 
Describes tests at Brunswick, N. J., of reinforced cinder 
concrete slab and steel I-beam construction and of re- 
inforced stone concrete slab and girder construction. 
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Fire Tests of a Fireproof Floor with Bays of Different Aggre- 
gates. 
Eng. News, v. 55, p. 116, Feb. 1, 1906. 
Gives results of fire tests on slag, broken brick, broken 
granite, burnt ballast, coke breeze and clinker con- 
crete, made by British Fire Prevention Committee. 


Comparative Resistance to Fire of Stone and Cinder Concrete. 
Eng. N., v. 55, p. 603, May 31, 1906. 
Tests by British Fire Prevention Committee of gravel con- 
crete and clinker and coke breeze concrete, the latter 
being much superior. 


Report of Committee on Fireproofing and Insurance, by E. T. 
Cairns. 
Proc. Nat. Assn. Cement Users, v. 12, p. 214, 1906. 
Abs. Eng. News, v. 55, p. 117, Feb. 1, 1906. 
Recommendation for fire resistance concrete given, and 
discussion of investigations and observations of recent 
fires and fire tests. 


Baltimore Fire. “Report of Burnt District Commission, 1906.” 
Recap. of whole work from March 12, 1904. 


Report of a Fire Load and Water Test upon Three Reinforced 
Concrete Columns. 
Published by National Fireproofing Co., Chicago, 1906. 
Eng. Rec., v. 54, p. 329, Sept. 22, 1906. 
Constructed and tested by National Fireproofing Com- 
pany. 
Reinforced Concrete in the San Francisco Fire—The Johnson 
Building. 
Eng. N., Sept. 27, 1906, 3000 w; Nov. 8, 1906, 2000 w. 
Fire Tests of Some New York Building Stones, W. E. McCourt. 
Bulletin 100, New York State Museum, 1906. 


Heat Treatment of Reinforced Concrete. 
Engr., Nov. 1, 1906, 1700 w. 
Results of tests at Chicago Laby. of the Natl. Fireproof- 
ing Co. 


Reinforced Concrete Construction in San Francisco, L. A. 
Hicks. 
Mining and Science Press, April 20, 1907, 1400 w. 


Concrete and Reinforced Concrete Construction from Fire Pro- 
tection View. 
Eng. News, v. 57, p. 618, June 6, 1907. 
Report of Committee on “Cement for Building Construc- 
tion” of the National Fire Protection Assn., gives re- 
quirements for blocks of highest fire resistance. 


Reinforced Concrete for Construction of Fire-Resisting Build- 
ings, by J. Sheppard. 
Concrete and Const. Eng. (London), Nov., 1907. 
Investigations of Thermal Conductivity of Concrete and Em- 
bedded Steel, by 1. H. Woolson. 
Proc: ¢A0) SS. ew pavewiel O0re 
Eng. N., v. 58, p. 166, Aug. 15, 1907, June 28, 1906. 
Gives results of fire tests on reinforced concrete of 
cinder, gravel and trap aggregates. 
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Safety Against Fire Elongation Due to Temperature and Heat- 
Conductivity of Reinforced Concrete, by E. Suenson. 
Den. Tekn Forenings, Tidsckrift, 1907. 


San Francisco Fire. 


Report by Committee of Twenty of the Natl. Bd. of Fire Und. 
Report by S. A. Reed, Cons. Engr., to Natl. Bd. of Fire Und. 


San Francisco Earthquake and Fire, A. L. A. Himmelwright, 
the Roebling Const. Co. 


Trial by Fire at San Francisco, Natl. Fireproofing Co. 


San Francisco Earthquake and Fire of April 18, 1906, and 
their effects on structures and_ structural materials, by 
Gilbert, Humphrey, Sewell and Soule. 

Bulletin 324, U. S. Geol. Survey, 1907. 
Trans. A. S. C. E., v. 58, p. 206, 1907. 
Effect of fire on building materials noted. Reptd. by 
Genl. Committee of Six Special Committees of S. F. 
Assoc. of A. S. C. E., with discussion. 


Fire and Load Test of Beams, by H. B. MacFarland. 
Eng. Ree., v. 55, p. 380, March, 1907. 


Standard Test for Fireproof Floor Construction. 
Proc. A. S. T. M., v. 7, p. 179, 1907; v. 8, p. 210, 1908. 


Fire Resistance of Reinforced Concrete Construction, by S. EI. 
Thompson. 
Concrete Eng., June, 1907, p. 261. 


Recent Experiences with Reinforced Concrete and Concrete 
Block Buildings in Fires. 
Engr.-Contr., July 8, 1908. 


Concrete is Fireproof. 
Concrete Engineering, July, 1908. 


Lessons from Fire in Reinforced Concrete Factory Building. 
Iron Age, May 28, 1908. 


Concrete in Case of Fire. 
Manufacturers’ Record, June 4, 1908. 


Notes on Fireproof Construction—Advantages of Construction, 
by C. A, P. Turner. 
Cement Era, May, 1908. 


Reinforced Concrete and Fire Resistance. 
The Builder (London), May 16, 23, 1908. 


Fireproof Building Construction and Concrete Building Con- 
struction. 
Eng. N., June 11, 1908. 
Abs. of 2 papers before N. F. P. Assn., 2800 w. 


Fire of the Dayton Motor Car Works, by J. B. Gilbert. 
Eng. Ree., v. 57, p. 384, March 28, 1908. 
Effect on concrete buildings noted. 2000 w. (Reinforced 
bldg.). 


Cinder and Stone Concrete Under Fire, by G. B. Waite. 
Trans. A. 8S. C. E., v. 60, p. 470, 1908. 
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Fireproof Qualities of Concrete Partitions, by I. H. Woolson. 
Cement Age, v. 6, p. 578, June, 1908. 


Concrete in the Chelsea Fire, by S. E. Thompson. 
Cement Age, v. 6, p. 569, June, 1908. 


Recent Fire Tests of Building Materials. 
Cement Age, v. 7, p. 401, Dec., 1908. 


Concrete Fireproofing. 
Cement World, August, 1908. 


Fireproof Properties of Concrete. 
Cement Age, v. 6, p. 555, 1908. 


Tests on Effect of Heat on Reinforced Concrete Columns. 
Eng. N., Sept. 20, 1908. 
Work of the Chicago Laby. of the Natl. Fireproofing Co. 


Tests on Concrete for Heat Resistance, by F. W. Scheidenhelm. 
Street Ry. Journal, 1908. 
Abs. Eng. Digest, v. 5, p. 297, March, 1908. 
Chem. Abs., v. 2, p. 1610, 1908. 

Tests to determine adaptability of concrete for smoke 
flues. Blocks made of (1) cement and sand, (2) cement, 
sand and lime, (3) cement, sand and cinders. Exposed 
to boiler flue heat 84 hours, temp. at end of test being 
800 deg. F. Block (1) showed no deterioration, (2) 
softened, while (3) showed signs of burning. 

Report of Fire, Load and Water Test on Triangular Reinforced 
Concrete Floor System. 

Test No. 60, Printed Report No. 9, Fire Testing Station, 
Columbia University, 1908. 

Tests conducted by I. H. Woolson, in co-operation 
with city building bureau of New York. Built by 
Amer. Steel and Wire Co. 


Concrete and Fire Resistance. Some Comparative Tests. 
Concrete and Const. Eng., Nov., 1908. 


Status of Reinforced Concrete from Fireproof Standpoint, by 
EK. G. Perrot. 
Cement Age, v. 7, p. 415, Dec., 1908. 


Report of Fire in Parker Building, by W. C. Robinson. 
New York Board of Underwriters, April 22, 1908. 
Eng. N., v. 59, p. 567, May, 1908. 

Results of investigations, recommendations, photographs of 
damage to this building. Columns were of cast iron, 
with porous tile fireproofing, and slabs were of tile 
arches on I-beams. Building failed completely. 


Fire Resistive Properties of Various Building Materials, by 
R. L. Humphrey. 
Bulletin 370, U. S. Geol. Survey, 1909. 
Cement World, v. 3, p. 257. 
Chem. Abs., v. 3, p. 2212. 


Fire-Resistant Construction of Buildings, by Wilson, Lesley, 
Humphrey and Whinery. 
Trans. A. 8. C. E., v. 65, p. 274, Dec., 1909. 
Discussion of fire-proof constructions, loss by fire, in- 
surance, and methods of reducing fire loss. 
Proc. A. 8. C. E., Sept., 1909, discussion, 6500 w. 


1910 120 


191 129 


130 


131 


132 


1912 133 


BIBLIOGRAPHY. 309 


Practical Fire Test of a Reinforced Concrete Factory. 
Cem. Age, Aug., 1909, 800 w. 


Heat Conductivity of Concrete. 
Proc. Nat’l Fire Prot. Assn., 1909, p. 116. 


Resistance of Concrete to Fire. 
Revue Generale, Oct. 20, 1909. 


Fire Resistance of Reinforced Concrete Grain Tanks. 
Concrete Eng., Feb., 1910. 


Concrete as Protection Against Fire. 
Insurance Eng., Jan., 1910. 
Abs. Cement Age, v. 10, p. 208, March, 1910. 


Fire Protection in San Francisco Under New Building Law— 
Features that Relate to Cement Construction, 
Eng. News, Feb. 10, 1910. 


Concrete Withstands a Hot Fire. 
Rock Products, May 22, 1910. 


Fire Test on a Mushroom System Building. 
Concrete Eng., Oct., 1910. 


Heat Conductivity of Concrete. 
Eng. N., 1910, 1-575. 

Remarkable Instance of Heat Transmission through Concrete. 
Eng. N., 1910, I1-470. 


Reinforced Concrete Fireproof Walls, by R. Saliger. 
Beton u. Eisen, No. 14, 1910. 
Reference to American tests, and those at Vienna. 


. Fires and Fire Tests. _ 


A selection of papers and reports, 3 vols., of the British 
Fire Prevention Committee, 1910. (A) Fires and Pre- 
vention; (B) Floors and Partitions; (C) Doors, Shutters 
and Glazing. 


Fire Effects on Building Materials. 
Jour. A. S. M. E., May, 1911, 15000 w. 
Discussion of Gilbreth’s paper. 


Der Brand des Warenhauses Enders in Dresden am 13 August, 
ONE iene 
Bet. u. E., 1911, 8S. 353. 
Veroff des Deutscher Ausschusses fur Hisenbeton, Heft. 11 and 
26. 
Results of Investigation of Fire Damage in 1910. 
Thermal Properties of Concrete, by C. L. Norton. 
Proc. Nat. Assn. Cem. Users, v. 7, p. 78, 1911. 
Study of physical properties of portland cement concrete 
which affect its value as fire resistant material. 


Fire Resistance of Concrete and Reinforced Concrete, E. O. 


Sachs. 
Proc. Int. Assn. Test. Mat., Paper XXVII-1, Part TI, 1912. 


Gives definitions and requirements for fireproof members. 
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134 Crushed Limestone in Concrete as a Fireproofing Material, by 
R. J. Wig. 
Bull. 14, Natl. Lime Mfg. Assn., Feb., 1912. 
Chem. Abs., v. 7, p. 1273, 1913. 
Reviews concrete tests by fire, and concludes that ex- 
perimental data does not show superiority of gravel 
over limestone as an aggregate. 


135 Fire Resisting Concrete, by H. G. Holt. 
Concrete and Const. Eng., v. 7, p. 138, 1912. 

Compares fire behavior of concrete and tile and shows 
causes of failure of latter. Chief advantage of concrete 
is its equal expansion with steel. Thermal conductivity 
depends largely upon aggregate used. 


136 Fire Tests of Floors in the United States, by Woolson and 
Miller. : 
Proc. Int. Assn. Test. Mat., Paper XX VII-2, 2nd Sect., 1912. 
Tests made on cinder, slag and stone concrete, hollow 
tile, etc., both plain and reinforced. 
45 Tests of Cinder Concrete. 
23 Tests of Stone Concrete. 
2 Tests of Slag Concrete. 
2 Tests of Gravel, (protected soffit). 
3 Tests of Mortar. 


1913 137 Fire Tests of Partitions for Buildings, by H. B. McMaster. 
Architectural Eng., v. 32, p. 84, 1913. 
Describes tests with expanded metal lath with cement 
plasters. es 


138 Experience with Concrete in Fires—Reviews from Baltimore 
and San Francisco Fires. G. E. Fisher. 
Jour. A. 8. M. E., June, 1913, 2500 w. 


139 Fireproof Building Construction, (Reinforced Concrete, etc.), 
G. McCook. 
Applied Science, May, 1913. 


140 Tests of Fireproof Construction for City of New York. 
School of Mines Quarterly, April, 1913. 2500 w. 
Methods on full size construction and samples. 


141 Fireproof Construction—Testing Materials for their Power of 
Resisting Extreme Temperatures. H. Perrine. 
Sci. Am. Supp. 75: 360-2, June 7, 1913. 


142 Review of Concrete as a Fire Resistant. 
Concrete-Cement Age, v. 3, p. 161, Oct., 1913. 


143 Thermal Properties of Concrete, by C. L. Norton, 
Jl. A. S. M. E., v. 35, p. 1011, June, 1913. 
Ind. Eng., v. 13, p. 368, Aug., 1913. 


144 Fire, Load and Water Test upon Cinder Concrete Floor Arches, 
by H. Perrine and A. Oliver. 
Sci. Amer., v. 109, p. 115, Aug. 9, 1913. 
Includes reinforced conerete floor arches tested at Co- 
lumbia Fire Station. 
Eng. N., Aug. 21, 1913. 
Cement, Sept., 1913. 
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Determination of Mineral and Rock Densities at High Tem- 
peratures, by Day, Sosman and Hostetter. 
Am. Jl. Science, v. 37, January, 1914. 


Heat Conductivity of Fireproofing Building Materials, by Heyn, 
Bauer and Wetzel. 
Mitt. Kgl. Materialpruf., v. 32, p- 89, 1914, 
Stahl u. E., v. 34, p. 832, 1914. 
Chem. Abs., v. 9, p. 519. 


Fire Resistant Construction and Equipment of Buildings. 
Eng. N., 71: 1091-2, May 14, 1914. 
Fire Resisting Qualities of a Concrete Building at Salem, 


Mass. 
Concrete-Cement Age, v. 5, p. 61, August, 1914, 


Real Fireproof Building. 
Eng. N., 72: 154-5, July 16, 1914. 


Reinforced Concrete Survivor of the Salem, Mass., Fire. 
Eng. N., IT-154, 1914. 


Fireproof Buildings, by E. R. Hardy. 
Arch. and Bldg., v. 46, p. 327, August, 1914, 

Fireproofing of Buildings, by Kinney, Wason and Godfrey. 
Concrete-Cement Age, v. 5, p. 155, Oct., 1914. 

Service Fire Test of a Fire Proof Building, Amoskeag Savings 


Bank, Manchester, N. H. 
Eng. N., 71: 537, March 5, 1914. 


-Behavior of Reinforced Concrete in Fires. 


Eng. Rec., v. 70, p. 635-6, Dec. 12, 1914. 
Describes fires in three reinforced concrete buildings and 
their ability to withstand fire. 


Disastrous Fire at Edison Factory. 
Kng. Ree., v. 70, p. 660, Dec. 19, 1914. 
Photographs and descriptions of damage to reinforced 
concrete buildings as compared with other types. 


Rapid Destruction of Fireproof Buildings (Edison Fire), by 
S. H. Bunnell. 
Iron Age, 94: 1381-3, Dec. 17, 1914. 


Fire Resisting Qualities of Concrete, by W. M. Kinney. 
Concrete-Cement Age, v. 6, p. 40, January, 1915. 


Edison Fire—Miscellaneous reports as follows: 
Eng. and Contr., 43: 193-6, Mar. 3, 1915. 
Eng. and Contr., 43: 145, Feb. 17, 1915. 
Concrete-Cement Age, 6: 120-1, March, 1915. 
Eng. Rec., 71: 239-42, Feb. 20, 1915.—Underwriters’ and 
Fire Prot. Assn. Report. 


Concrete Construction and Edison Fire, L. C. Wason. 
Textile World, v. 48, p. 537, February, 1915. 


Concrete Melted in Edison Fire. 
Ing. N., v. 73, p. 362, Feb. 18, 1915. 


Hot Chemicals and Concrete Form Slag at Edison Fire. 
Eng. Rece., 71: 184, Feb. 6, 1915. 
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Fire Protection of Structural Members, by S. Broadbent. 
Concrete-Cement Age, v. 6, p. 124, March, 1915. 


Report of Committee on Edison Fire. 
Jl. Amer. Concrete Inst., v. 3, No. 8, August, 1915. 
Photographs. Conclusions of committee as to fireproof 
structures and lack of conformity with standard prac- 
tices. 
Abs. Engr. and Contr., 43: 193-6, Mar. 3, 1915. 
Abs. Engr. and Contr., 43: 145, Feb. 17, 1915. 
Concrete-Cement Age, 6: 120-1, March, 1915. 


Proposed Series of Fire Resistance Tests of Columns. 
Eng. Rec., v. 72, p. 800, Dec. 25, 1915. 
Iron Trade Review, v. 58, p. 823, April 13, 1916. 
Describes tests to be made at the Underwriters’ Labora- 
tories on centrally loaded columns of reinforced con- 
crete, ete. 


How Concrete Stands Fire. é 
Factory, v. 17, p. 480, October, 1916. 


Brandenproben an Hisenbetonbauten, 1914-1915, 
Deutscher Ausschuss fur Hisenbeton, Heft 33, 66 pp., 1916. 

Elaborate series on test buildings, involving such points 
as the following: Aggregates were 3 gravels, pumice, 
granite basalt, blast furnace slag, sandstone, etc. Struc- : 
tures involved test of walls, stairs, loaded beams, etc. 
Study covered behavior and resisting power of build- 
ings during fire, effect of repeated fire, change in length 
of beams, transmission of heat through concrete, effect 
of thickness of covering, comparison of basalt and gran- 
ite aggregates, influence of heat on tensile strength and 
elongation, influence of heat on properties of twisted 
square steel, strength of concrete before and after fire, 
behavior of buildings during tearing down. 54 illustra- 
tions. 


Fire or Explosion Wrecks Part of Concrete Warehouse at Far 
Rockaway, N. Y. 
Eng. News, v. 76, p. 956-8, Nov. 16, 1916. 
/ Tells of damage to concrete beams and columns by fire. 


‘The Fire at the Venesta Works, Silvertown, London, on Jan. 
19, 1917. 
Red Book 211 of the British Fire Prev. Comm. 


Fire at Millennium Mills, Victoria Docks, Silvertown, London, 
on January 19, 1917. 
Red Book 208 of the British Fire Prev. Comm. 


Concrete Structure Wrecked by Intense Heat at Quaker Oats 
Co. Fire, Causing $2,000,000 damage. 
Eng. N., 78: 17-21, April 5, 1917. 


The Fire at the Quaker Oats Co. Premises, Peterboro, Ontario, 
on December 11, 1916. 
Red Book 225, British Fire Prev. Comm., 1918. 
Two reports, by A. J. and T. D. Mylrea. 


Effect of Fire on Reinforced Concrete Building Analyzed. 
Eng. N., v. 78, p. 633, June 28, 1917. 
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Concrete Grain Tanks Resist Fire. 
Concrete, v. 11, p. 34, Aug., 1917. 


Fire Resistance of Concrete, by W. A. Hull. 
Concrete, v. 11, p. 56, August, 1917. 


New Grading of Fire Resistance as Measured by Tests. 
Eng. N., v. 78, p. 435, May 31, 1917. 
Work of Joint Committee. 


Fire-Wrecked Concrete Building Repaired for Service. 
Eng. N., 79: 222-3, Aug. 2, 1917. 


Reports of Tests Made by British Fire Prevention Committee 
from 1897 to date. 

List No. 210—-Publications of Brit. Fire Prev. Comm., 1917. 
Red Books include tests on concrete floors, columns, 
walls, etc., using many aggregates, types of construction 
and other variables. 


Quartz-Gravel Aggregate Main Cause of Fire Damage to Con- 
crete Building at Far Rockaway, N. Y. I. H. Woolson. 
Emp aN.) Ve o>. prese, dant ll. 1917, 
Eng. Rec., v. 75, p. 98, Jan. 20, 1917. Discussion p. 356, 
March 3, 1917, and p. 399, March 10, 1917. 
Concrete, v. 10, p. 48, February, 1917. 


Quartz-Gravel Concrete and Fires, by N. C. Johnson. 
Eng. Rec., v.75, p. 399, March 10, 1917. 


Effect. of Fire on Flat Slab Building of Quaker Oats Co., Peter- 
boro, Ont., Dec. 11, 1916, by T. D. Mylrea. 
Jl. West. Soc. Eng., v. 22, p. 509-39, Oct., 1917, Discussion 
539-45. 26 plates. 


Fire and Load Tests of Columns Now Being Made. 
Eng. N, v. 79, p. 215, Aug. 2, 1917. 
Describes tests at Underwriters’ Laboratories on concrete, 
columns, ete. 


Aggregate is Critical Element in Fire-Resistance of Concrete 
Columns, by W. A. Hull. 
Eng. News, v. 81, p. 49, July 4, 1918. 
Concrete, v. 13, p. 51, Aug., 1918. 
Fire Tests of Concrete Columns, by W. A. Hull. 
Proc. Am. Concrete Inst., v. 14, 1918. 
Tests made on columns of different shapes and reinforce- 
ment, and using different aggregates. 


Second Report on Work of Underwriters’ Laboratories. 
American Architect, v. 115, p. 829, June 11, 1919. 


Behavior of Reinforced Concrete Columns Under Fire Test, by 
W. A. Hull. 
Amer. Archt., v. 116, p. 561 and 589, Oct. 29, Nov. 5, 1919. 
Concrete, v. 16, p. 172, April, 1920. 


Comparison of Heat Insulating Properties of Some Materials 
Used in Fire-Resistive Construction, by W. A. Hull. 
Tech. Paper 130, U. S. Bur. of Standards, Nov. 12, 1919. 
Abs. Jl. Franklin Inst., v. 188, p. 558, Oct., 1922. 
Tests made on concrete of 1-2-4 and 1-3-6 mixes, using 
trap, clinker, cinders, limestone and gravel. 
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Fireproofing Concrete Columns with Plates, by W. A. Hull. 
Eng. News-Rece., v. 83, p. 92, July 10, 1919. 
Fire Tests of Concrete Columns, by W. A. Hull. 
Proc. Amer. Concrete Inst., v. 15, p. 89, 1919. 
Tests made using different gravels, slag and trap, in round 
and square columns. Cement plaster also substituted 
for protective concrete. 


Report of Committee on Fireproofing, by W. A. Hull. 
Proc. Amer. Concrete Inst., v. 15, p. 314, 1919. 
Engr. and Contr., v. 52, p. 105, July 23, 1919. 
Eng. News-Ree., v. 83, p. 76, July 10, 1919. 


Crosby-Fiske-Forster Handbook of Fire Protection, 1919, 757 pp. 


Fire Tests of Building Columns. 
Underwriters’ Laboratories, Chicago, December, 1920. 
Fire and Strength tests of brick piers. 


More Light on Protecting Concrete Against Fire. 
Eng. News-Ree., v. 84, p. 469, March 4, 1920. 


National Fire Protection Assn. Gives New Recognition to Con-. 
crete. 
Concrete, v. 16, p. 278, June, 1920. 


Fire Tests on Reinforced Concrete Construction, 1914-15, by 
M. Gary. 
Deutscher Ausschuss fur Hisenbeton, v. 33, p. 66, Berlin, 
1916. 
Concrete and Const. Eng., v. 15, p. 345, and p. 406, 1920. 
Results of tests on two old concrete houses and two 
new houses built especially for this purpose. Photo- 
graphs and results. 


Causes of Failure of Concrete in Fire, by A. M. Schoen and 
J. H. Woolson. 
Concrete, v. 17, p. 35, July, 1920. 


Fire Tests of Concrete Columns, by W. A. Hull. 
Proc. Am. Concrete Inst., v. 16, p. 20, 1920. 
Abs. Amer. Archt., 1920. 
Abs. Concrete and Const. Eng., v. 15, p. 187 and 262, 1920. 
Fire tests made on columns of various designs and rein- 
forcing. 
Report of Committee on Fireproofing. 
Proc. Am. Concrete Inst., v. 16, p. 186, 1920. 
Canadian Engr., v. 38, p. 505-06, May 27, 1920. 
Engr. and Contr., v. 53, p. 717, June 23, 1920. 
Recommendations for changes in previous report. 


Effect of Fire on a Concrete Warehouse at Galveston. 
Eng. N., 85: 980-3, 1101-2, 1298, 86: 353 N18, Dec. 2, 30, 
1920. Feb. 24, 1921. 


Fire Resistance of Building Columns, by Ingberg, Griffin, 
Robinson, and Wilson. 
Report of Underwriters’ Laboratories, Chicago, 1921. 
Tech. Paper 184, U. S. Bur. of Standards, 1921, 
Associated Factory Mutual Fire Insurance Companies, Na- 
tional Board of Underwriters and Bureau of Standards, 
(separate publication). 
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Abs. Engr. and Contr., v. 55, p. 510, May 25, 1921. 
Eng. News-Rec., v. 87, p- 106, 145, 292, 1921. 
Concrete, v. 18, p. 267, June, 1921, 
Eng, and Contr., v. 59, p. 941, April, 1923. 
Rock Products, v. 26, p. 120, March 10, 1923. 
Elaborate series of tests on full size building columns, 
carried out jointly by Assoc. Factory Mut. Ins. Cos., 
Natl. Bd. of Underwriters, and the Bur. of Standards. 
Fire Prevention and Fire Protection as Applied to Building 
Construction. Jos. K. Freitag. 
Book published in 1912, revised 1921, 
La Resistance a l’Incendie des Differentes Genres de Piliers et 
Colonnes, by P. Calfas. B 
Genie Civil, v. 79, p- 261, 283, Sept. 24 and Oct. 1, 1921. 
Foregoing is abstract of column tests at Underwriters’ 
Laboratory. 
Effect of High Temperature Fire on Concrete Buildings. 
Eng. News-Rec., v. 86, p. 760, May 5, 1921. 
Effect of Fire on Concrete. 
Sci. Am., v. 125, p. 223, Sept. 24, 1921. 
Behavior of Concrete Constituents Under Fire, by S. H. Ing- 
berg. 
Proc. Amer. Concrete Inst., v. 17, p. 234, 1921. 
Discusses fire resistance of cement, fine and coarse ag- 
gregates in concrete. 
Report of Committee on Far Rockaway Fire. 

Proc. Amer. Concrete Inst., vy. 17, p. 368, 1921. 
Photographs, description of damage and restoration. 
Lessons in Fire Resistance from Frankford Fire, by W A. 

Hull. 
Proce. Am. Concrete Inst., v. 17, p. 205-12, 1921. Ill. 
Requirements learned from this conflagration. 


Fire Resistance of Conerete and Reinforced Concrete, D. W. 
Wood. 
Jl. Junior Inst. Eng., v. 31, part 10, July, 1921. 
Concrete and Const. Engr., v. 16, p. 660, Oct.; p. 722, 
Nov.; p. 799, Dec., 1921, and v. 17, p. 29, Jan., 1922. 
Strength and fire tests on concrete slabs. Used gravel, 
sandstone, limestone, granite, slags, coke breeze, fire 
brick. 
Report of Tests of British Fire Prevention Committee. 
List No 10, 1921. Gives results of various tests of slabs. 
Some of the Red Books (the reports of this committee), 
are briefly listed in following groups. (C denotes con- 
crete, RC denotes reinforced concrete). 


Fire Tests. 

C 101 RC 229 C 243 C 216 
RC 221 RC 231 RC 244 Cyaly 
RC 222 RC 232 RC 246 C 218 
RC 223 RC 234 RC 248 C 219 

C 224 C 237 C 249 
RC 226 RC 238 RC 250 258—Synopsis 
RC 227 RC 239 C 212 


C 228 RC 242 C 213 
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Heat Conductivity 251 and 252. 


Mineralogic and geological data on aggregates 256. 


Mechanical Tests of Concretes 257. 


1922 209 Report of Fire Tests Made on Building Columns. 
Laboratories Data (Underwriters’), v. 3, p. 182, 1922. 
Fire tests made at Underwriters’ Laboratories. 


210 Germans Learn Lessons from First Concrete Building Fire. 
Eng. N., 88: 795-6, May 11, 1922. 


211 Resistance to Fire of Concrete and Reinforced Concrete, by 
Lea and Stradling. 
Engineering, v. 114, p. 341 and 380, Sept. 15 and 22, 1922; 
also p. 337 and 363. 

Consider possibility of making concrete which will re- 
tain strength during and after exposure to high 
temperatures, and ‘possibility of preventing steel 
from reaching temperature at which strength is re- 
duced to or below that required to carry loads. 
Describes tests of specimens in furnace. 


212 Reinforced Concrete and Fire Resistance, J. Singleton-Green. 
Concrete and Const. Eng., v. 17, p. 579, 645, 723, 789, Sept., 
Oct., Nov., and Dec., 1922, and v. 18, p. 227, April, 1923. 

Gives examples of failures in fires. 


213 When is Siliceous Aggregate Objectionable? 
Concrete, v. 23, p. 1, July, 1923. 


1923 214 Index of May 1, 1923, covering publications of the National 
Fire Protection Association on the subjects of Fire Pre- 
vention and Fire Protection. 76 pp. In addition to a num- 

4 ber of references from this book, listed below, the index in- 
cludes the title and numbers of reports covering fires in- 
volving a loss of $500,000 or over for each year from 1910 
to 1922 inclusive. There are also references to particular 
reports of certain fires at the places and times as follows: 
Aalborg, 1922; Alameda, Calif., 1920; Averne, L. I., 1922; 
Astoria, Ore., 1922; Athens, Ga., 1921; Atlanta, Ga., 1908, 
1921; Augusta, Ga., 1916, 1921; Baltimore, Md., 1904; 
Bangor, Me., 1911; Boston, 1872; Chelsea, Mass., 1908; Chi- 
cago, 1922; East Boston Docks, 1908; Evansville, Ind., 1910; 
Grandview, Tex., 1920; Jamestown, Kansas, 1911; Manila, 
1921; Nashville, Tenn., 1916; New Orleans, La., 1908; Paris, 
Tex., 1916; Pittsburgh, Pa., 1917; Salem, Mass., 1914; Su- 
perior, Wis., 1907; West Lynn, 1906; Worcester, Mass., 1906. 


215 Concrete as a Material for Fireproof Construction. 
M. C. Tuttle, Nat. Fire Prot. Assn., Q. v. 2, No. 4, p. 415. 


216 Napthalin Fire Wrecks Concrete Building. 
Nat. Fire Prot. Assn., Q. v. 15, No. 1, p. 80. 


217 Concrete Column Failure in Sisal Fire. 
Nat. Fire Prot. Assn., Q. v. 14, No. 2, p. 219. 


218 Concrete Construction in Fireproof Buildings. 
Nat. Fire Prot. Assn., Q. v. 7, No. 4, p. 403. 
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219 Conerete Grain Tanks in Severe Fire. 
Nat. Fire Prot. Assn., Q. v. 11, No. 2, p. 137. 


220 Recent British Fire Tests (Concrete). 
Nat. Fire Prot. Assn., Q. v. 15, No. 3, p. 265. 


221 Concrete Weakened by Fire (Editorial). 
Nat. Fire Prot. Assn., Q. v. 4, No. 2, p. 153. 


1922 222 Fire Resistance of Concrete and Reinforced Concrete, D. W. 
Wood. 
Concrete and Constructional Engineering, v. 16, Nos. 10, 
11 and 12, Oct., Nov., and Dec., 1922. 


223 The Behavior of Concrete and Reinforced Concrete when Ex- 
posed to Fire. (Beton und Hisenbeton in Feuer.) 
M. Gary. Beton u. Eisen, v. 21, No. 3, Feb. 10, 1922. 


1923 224 Tire Resistance of Concrete Columns, 8S. H. Ingberg. 
Engineering and Contracting (Buildings), v. 59, No. 4, 
April 25, 1923. 


1924 225 Cinder Concrete Units, Fire and Water Tests, A. H. Beyer. 
Concrete, 24: 25-7, Jan., 1924. 


226 How Structures Withstood the Japanese Earthquake and Fire, 
H. M. Hadley. 
Amer. Concrete Inst. Proc., 20: 188-209, 1924. 


227 Fire Resistance of Concrete Building Units. 
Tests made at the Underwriters’ Laboratories in Chicago. 
Book of 100 pp., illus. Reprinted by the Portland Cement 
Assoc. Details of these tests are set forth in the Commit- 
tee Reports in vols. 19 and 20, Proc. of the Amer. Con- 
crete Inst. 


228 Protective Concrete Covering. 
Report of Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete, Chapter VIII-B, Secs. 
67-68, Proc. A. S. C. E., Oct., 1924, p. 1180. 


1924 229 Concrete Storehouse, Naumkeag Steam Cotton Co., Salem, 
Mass. (Conflagration). 

7 pp. Booklet by the Inspection Department of the Asso- 
ciated Factory Mutual Fire Insurance Companies. Build- 
ing was erected in 1906; 100 x56 ft., 4 stories. Rein- 
forced concrete trap rock aggregate. Brief description 
and pictures. Fire was on exterior and did not enter 
building. No damage to contents. Only a slight spall- 
ing of concrete in few spots on one side of building, and 
only about 2 inches of reinforcing rod exposed. 


Mr. Lindstrom. 


Mr. Woolson. 


DISCUSSION. 


Ropert Sera LINpstRoM.—TI am glad that this committee brought out 
the feature of limestone as an aggregate. Several years ago I read a paper 
before the convention of Building Commissioners of the United States, held 
at the Auditorium Annex, Chicago. After the paper was read, I referred 
to different aggregates in a fire-resistive manner. The chairman of the 
committee asked me if I would sit in on the committee meeting, to which 
I consented, and was asked different questions regarding building mate- 
rials, ete. Being an architect by profession, I knew something about it, 
and at that committee meeting it developed that there were 36 building 
commissioners present from different parts of the United States. The 
commissioner from New York City was very much interested and wanted 
to find out why in New York City all the old specifications of architects 
advocated traprock aggregate for reinforced-concrete floors. The question 
resolved itself down to the point that there were several million dollars 
worth of building permits held up by this commissioner until he had at- 
tended this convention to find out whether he could change his attitude 
regarding aggregates and not use traprock exclusively. At that time the 
Underwriters’ Laboratory, at Chicago, was carrying on a series of tests of 
several types of columns, and it just so happened that this committee 
meeting was in the morning, and in the afternoon of that day the fire test 
was to be carried at the laboratory, with a 50-ton load on top of a certain 
sized traprock concrete column for comparison with other types of col- 
umns using other than traprock concrete. I telephoned the laboratory and 
we all went there in a body, and to the surprise of myself and the com- 
missioners present, this traprock concrete column by a fire test similar to 
athers, in spalling popped like pop-corn. That changed the attitude of 
the commissioner of the city of New York, and it appeared that in a 
four-day previous similar test we were told that the limestone aggregate 
concrete column had been tested to the full eight-hour period and con- 
tinued from the eight-hour period to the 24-hour period, and I think 
spalled a little at the top at the 36-hour pericd of test. It was a longer 
period than any other column tested and it stood up. It was explained to 
us by the laboratory attendants that due to the projection of the rein- 
forcement at the top of the column meeting the red-hot piate on top, it 
bent the rods a little bit and caused spalling at top of column. They 
sawed this limestone aggregate column in two, and the column inside was 
found perfect. The building commissioners went back with the assurance 
that regardless of theory, actual practice had proven to them that other 
aggregates than traprock were better for reinforced-concrete construction. 

Tra H. Wootson.—I am afraid the last speaker may have inadvert- 
ently left a wrong impression before the association as to the behavior of 
traprock under fire attack. He said that in this particular example which 
his committee witnessed, the traprock popped like pop-corn, or something 
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of that kind. Some years ago it was my privilege to conduct fire tests 
upon reinforced concrete constructions in a rather elaborate way for the 
city of New York, over a period of ten years. I Suppose during that time 
I conducted four-hour fire tests (that was the standard test of the city ot 
New York), upon probably twenty, maybe more, reinforced-concrete floors 
and some columns of small size which had been constructed of traprock, 
and I never saw traprock perform that way. It does crack and spall 
as all concrete will do to a certain extent, but as to a popping action, or 
any excessive disintegration during the fire, I never saw it, and I have 
a great many photographs showing the results of those tests. In my opin- 
ion, of the aggregates with which we are familiar, traprock stands next to 
limestone as the best aggregate to withstand fire. It is used in the city 
of New York and vicinity more than elsewhere because it is an available 
aggregate in that region. The behavior of concrete itself during the fire, 
so far as spalling is concerned, is no greater than for limestone. The 
limestone calcines on the surface, and that calcined material is a good 
retardant of heat, and consequently keeps the heat away from the reinfore- 
ing material. 

After the application of water which usually follows these fire tests, 
the surface of the limestone concrete is badly scored, washing away the 
calcined material, and usually will require rather major repair. The trap- 
rock will usually retain its form and shape almost perfect with the excep- 
tion of such limited spalling as may occur due to unequal expansion. Heat 
goes through traprock concrete somewhat more readily than it does through 
limestone concrete and, consequently, as a whole, the limestone gives a better 
result so far as transmission of heat to the steel is concerned. I had 
rather a humiliating experience which I have related before, perhaps not 
to this audience, and I might as well make a confession here, in reference 
to these two particular aggregates. I was conducting a fire test upon a 
floor and it became necessary to put a four-inch partition across the fire 
chamber in order to accommodate the size of that chamber to the particu- 
lar spans between beams of the system that was under test. ‘The fire 
chamber was about 20 ft. wide by 18 or 20 ft. the other way, so the 
partition was 18 or 20 ft. long, and about 10 ft. high and 4 inches thick. 
It was simply a reinforced concrete wall put there, not for fire test pur- 
poses, but simply as a barrier. I gave instructions to have it made of 
traprock and while attending to my duties at the university, the work 
was begun. During the day I went to inspect it and found the partition 
about half erected and discovered that the aggregate being used was lime- 
' stone and not traprock. 

I was very much alarmed, because at that time I knew nothing of the 
superior non-conducting properties of limestone concrete. I stopped the 
work, hurried a truck to get some new aggregate so as not to spoil the 
bond, and this was secured and the work continued. We ran a four-hour 
fire test, and after the fire, water was applied which sprayed down over 
this partition, of course, as it usually does, very vigorously, a heavy 


Mr. Clousing. 


Prof. Woolson. 


Mr. Clousing. 


Prof. Woolson. 
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stream of water applied for five or ten minutes. Upon inspection it was 
discovered that the limestone portion of that partition was washed away 
to a depth perhaps varying from a half inch to an inch. No measure- 
ments had been made of the temperature that had passed through that 
partition. I knew nothing about that; that point did not occur to me. 
The traprock portion of the partition was as it was when put in. The fins 
between the boards and the picture of the grain of the wooden forms and 
everything was just as perfect and nice as it could be. I have splendid 
photographs showing the conditions that confirmed my previous opinion 
that limestone was not suitable for that purpose. Much of the limestone 
surface was washed away. We knew it would have to be scrapped off, 
an inch or more, and repaired, whereas the traprock was in beautiful 
condition. 

On the strength of that, a traprock supply company asked me if I 
would express an opinion as to the behavior of traprock as compared with 
limestone or aggregates to resist fire. I had no hesitation in doing so, it 
was a matter of fact as I saw, and I did express an opinion very favorable 
to the traprock. That is one of those cases where I didn’t know fully 
what I was talking about. The test at the Underwriters’ Laboratories a 
few years later showed that so far as the transmission of heat was con- 
cerned, limestone was a much better aggregate. The point I want to bring 
out is that that traprock partition was not spalled; it did not pop; it 
was in splendid condition; but I suppose it did transmit more heat than 
the limestone. I do not want the impression to go that traprock is not 
a high grade fire resistive aggregate to use. Under conditions where not 
likely to be subjected to excessively long periods of fire, it might be 
superior to limestone. 


Louis Croustnc.—We had an experience which probably Mr. Woolson 
might be able to explain. There was a building that had a settlement, and 
all the floors were examined. We finally came to the conclusion that there 
must be something the matter with the foundation. The foundation of 
this building as well as of the other, was of limestone blocks, and it hap- 
pened that the boiler had been in that position for a number of years, and 
the stones, while they were not under the same conditions that they would 
be in a fire test, had baked so that they were of a chalky consistency and 
had softened. The temperature was just that of the ordinary boiler set 
near the foundation of these footings. I do not know what the temperature 
would be exactly—just the furnace heat of the boiler. 


Pror. Wootson.—Was the aggregate limestone? 
Mr. Croustne.—No. Just a block stone of limestone. 


Pror. Woorson.—It was merely a case of long continued calcination, 
I suppose. 
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portion of the report beginning at “Force exerted by concrete as temperature 
ehanges” (page 619, Vol. 20) constitute the final report of the committee. 
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Report oF CommMitrTee J-1: Instirutr REPRESENTATION ON 
JOINT COMMITTEE ON STANDARD SPECIFICATIONS FOR 
CONCRETE AND REINFORCED CONCRETE. 


The report of the 1924 Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete has been mailed to the entire member- 
ship of the Institute. Briefly, the report represents a specification based 
on the work of what is called the new Joint Committee (that is the one 
organized in 1920) as differentiating it from the joint committee organized 
in 1904, which presented a final report of the recommendations for use in 
concrete and reinforced-conecrete design and construction, published in 1916. 
The report of 1916 is specifically stated only to be the basis for a specifica- 
tion. ‘The work of preparing a specification then was set up by joint action 
of the American Society of Civil Engineers, the American Society for Test- 
ing Materials, the American Railway Engineering Association, the Ameri- 
can Concrete Institute and the Portland Cement Association. That is the 
formation of the present committee. Since the first meeting in 1920 there 
have been about 100 sessions from five to six hours each, besides many 
times that number of the subcommittees. 

The Joint Committee has other phases of the art upon which it doubt- 
less will report as the state of the art develops. It can be accepted here 
only as a report. The report has been out for nearly three years and there 
has been some discussion on it. It will not go to letter ballot, and its 
value lies merely in its merits. The Joint Committee would welcome dis- 
cussion and criticism of its report. 

S. C. Hortister, Chairman. 


The report of the Joint Committee is given on the following pages. 


(328 ) 


REPORT 


OF THE 


JOINT COMMITTEE ON STANDARD SPECIFICATIONS 
FOR 
CONCRETE AND REINFORCED CONCRETE 


SUBMITTING 
STANDARD SPECIFICATIONS FOR CONCRETE AND 
REINFORCED CONCRETE 


Affiliated Committees 
OF THE 
American Society of Civil Engineers 
American Society for Testing Materials 
American Railway Engineering Association 
American Concrete Institute 
Portland Cement Association 


Submitted to Constituent Organizations 
August 14, 1924 
329 


ui 


aS fi 
ae, =— 


— - 
4 ae 
7 : 
49 ay 
. 2 
~~ 
4 a 
+i Ta 
Re 
F 
‘ 


3 oe 
aa ee 
f 


1 Daphnia 8 
ot mepsaAn he ee 


oe» 
, 


PREFACE. 


The Joint Committee on Standard Specifications for Concrete 
and Reinforced Concrete consists of five representatives from each 
of the following: 

American Society of Civil Engineers, 
American Society for Testing Materials, 
American Railway Engineering Association, 
American Concrete Institute, 

Portland Cement Association. 


This Committee is the successor of the Joint Committee on 
Concrete and Reinforced Concrete which was organized in Atlantic 
City, N. J., June 17, 1904, and was formed by the union of special 
committees appointed in 1903 and 1904 by the above-named organi- 
zations, except the American Concrete Institute which was added by 
‘invitation of the Joint Committee in 1915. The previous Committee 
presented progress reports in 1909 and 1912 and adopted a final 
report to its constituent organizations on July 1, 1916. It was the 
purpose of that Committee to prepare a Recommended Practice for 
Concrete and Reinforced Concrete. Its final report stated: 


“The report is not a specification but may be used as a basis for 
specifications.” 


The present Joint Committee is charged with the preparation of 
Specifications for Concrete and Reinforced Concrete and in preparing 
these specifications is using as a basis the report of the former Joint 
Committee with such modifications as are necessary to make its 
recommendations agree with current practice, and such new data as 
mark advances in the art. 

The initiative in bringing about the present Joint Committee 
was taken by the Committee on Reinforced Concrete of the American 
Society for Testing Materials on June 27, 1917, when the committee 
voted to request the Executive Committee of the Society to invite 
the Member-Societies of the previous Joint Committee to cooperate 
in the formation of a new Joint Committee. The Executive Com- 
mittee approved this request on April 25, 1919, and an invitation 
was issued to each of the above-named organizations by the Execu- 
tive Committee on behalf of the American Society for Testing 
Materials, to appoint five members on a Joint Committee on Specifi- 
cations for Reinforced Concrete. The last of these organizations 
accepted the invitation on November 22, 1919. On January 21, 
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1920, a call for an organizing meeting on February 11, 1920, was 
sent by the Executive Committee of that Society to each of the 
twenty-five representatives of cooperating organizations, together 
with a list of members of the Joint Committee, and an outline of 
organization that had been previously submitted by the American 
Society for Testing Materials to and approved by the cooperating 
organizations. 

The organizing meeting was held at the Engineers’ Club, Phila- 
delphia, Pa., and was called to order by George S. Webster, then Vice- 
President of the American Society for Testing Materials, who explained 
that he had been directed by the Executive Committee of that 
Society to act as Temporary Chairman; he further stated that 
C. L. Warwick, Secretary-Treasurer of the Society, had been requested 
to act as Temporary Secretary until a formal organization of the 
Joint Committee had been effected. 

The personnel of the Joint Committee is as follows: 


American Society of Civil Engineers. 
W. A. Slater, Chairman, 
Engineer-Physicist, Bureau of Standards, Washington, D. C. 
Milton H. Freeman, Division Engineer, 
N. Y. and N. J. Bridge and Tunnel Commission, New York City. 
Appointed June 20, 1922, to fill vacancy. 
A. E. Lindau, President, American Wire Fence Co., Chicago, Ill. 
Franklin R. McMillan, Consulting Engineer, 
628 Metropolitan Bank Building, Minneapolis, Minn. 
Appointed June 6, 1921, to fill vacancy. 
Sanford E. Thompson, Consulting Engineer, 
The Thompson and Lichtner Company, 136 Federal Street, Boston, 
Mass. 
William K. Hatt, Professor of Civil Engineering, 
Purdue University, Lafayette, Ind. 
Resigned April 3, 1922. 
Rudolph P. Miller, 
Consulting Engineer, New York City. 
Resigned April 25, 1921. Succeeded as Chairman by W. A. Slater. 


American Society for Testing Materials. 

Richard L. Humphrey, Chairman, 
Consulting Engineer, Philadelphia, Pa. 

Albert T. Goldbeck, Chief, Division of Tests, 
Bureau of Public Roads, Washington, D. C. 

Edward E. Hughes, Vice-President, 
Franklin Steel Works, Franklin, Pa. 

Henry H. Quimby, Consulting Engineer, 
Philadelphia, Pa. 

Leon S. Moisseiff, Engineer of Design, 
Delaware River Bridge, Brooklyn, N. Y. 
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American Railway Engineering Association. 

J. J. Yates, Chairman, 
Bridge Engineer, Central Railroad of New Jersey, Jersey City, N. J. 

T. L. D. Hadwen, Engineer of Masonry Construction, 
Chicago, Milwaukee and St. Paul Ry., Chicago, Ill. 
Appuinted November 21, 1921, to fill vacancy. 

Frederick E. Schall, Bridge Engineer, 
Lehigh Valley Railroad, Bethlehem, Pa. 

C. C. Westfall, Engineer of Bridges, 
Illinois Central Railroad Company, Chicago, IIl. 

George E. Boyd, Formerly Division Engineer, 
Delaware, Lackawanna and Western R. R., Buffalo, N. Y. 
Resigned November 7, 1921. 

H. T. Welty, Engineer of Structures, 
New York Central Railroad, New York City. 
Resigned December 27, 1922. 

American Concrete Institute. 

8. C. Hollister, Chairman, 
Consulting Engineer, Philadelphia, Pa. 

Robert W. Lesley, Past-President, Portland Cement Association, 
Philadelphia, Pa. 

Angus B. MacMillan, Chief Engineer, 
Aberthaw Construction Company, Boston, Mass. 
Appointed October 19, 1920, to fill vacancy. 

Egbert J. Moore, Vice-President, 
Turner Construction Company, New York City. 

Arthur R. Lord, President, 
Lord Engineering Co., Chicago, Ill. 
Resigned April 17, 1923. 

Leonard C. Wason, President, 
Aberthaw Construction Company, Boston, Mass. 
Resigned October 19, 1920. 


Portland Cement Association. 
Frederick W. Kelley, Chairman, 
President, Portland Cement Association, Albany, N. Y. 
Duff A. Abrams, Professor in Charge, 
Structural Materials Research Laboratory, Lewis Institute, Chicago, Ill. 
Ernest Ashton, Chemical Engineer, 
Lehigh Portland Cement Company, Allentown, Pa. 
Edward D. Boyer, Cement Expert, 
Atlas Portland Cement Company, New York City. 
A. C. Irwin, Engineer, Structural Bureau, 
Portland Cement Association, Chicago, Ill. 
Appointed September 29, 1922, to fill vacancy. 
J. E. Freeman, Formerly Manager, Structural Bureau, 
Portland Cement Association, Chicago, Ill. 
Appointed January J, 1921, to fill vacancy. 
Resigned September 14, 1922. 
J. H. Libberton, Formerly Manager, Service Bureau, 
Universal Portland Cement Company, Chicago, II. 
Resigned December 31, 1920, a 


1 At the time of the completion of this report a vacancy existed in the representation of both the 
American Railway Engineering Association and the American Coacrete Institute. 
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ORGANIZATION OF JOINT COMMITTEE 


The Committee perfected a permanent organization on February 
11, 1920, under the title “ Joint Committee on Standard Specifications 
for Concrete and Reinforced Concrete” with the following officers: 

Chairman, Richard L. Humphrey, Philadelphia, Pa., 

Vice-Chairman, J. J. Yates, Jersey City, N. J., 

Secretary-Treasurer, Duff A. Abrams, Chicago, IIL, 
and an Executive Committee consisting of these officers, and Rudolph 
P. Miller,! New York City, and S. C. Hollister, Philadelphia. 

The Committee adopted Rules of Organization and apportioned 
the work of preparing the Specifications among sub-committees with 
the following personnel: 


1. Materials (other than Reinforcing). 2. Metal Reinforcement. 


Albert T. Goldbeck, Chairman _ J.J. Yates, Chairman 
Duff A. Abrams Duff A. Abrams 
Sanford E. Thompson Edward E. Hughes 
eeleaviaites A. E. Lindau 
J. E. Freeman? W. K. Hatt 
J. H. Libberton’ Arthur R. Lord® 

3. Proportioning and Mixing. 4. Forms and Placing 
W. A. Slater, Chairman T. L. D. Hadwen, Chairman 
Duff A. Abrams Edward D. Boyer 
Ernest Ashton Angus B. MacMillan 
T. L. D. Hadwen Egbert J. Moore 
Henry H. Quimby Frederick E. Schall 
George E. Boyd® George E. Boyd,* Formerly 

Chairman 
Leonard C. Wason’ 

5. Design. 6. Details of Construction and Fire- 
S. C. Hollister, Chairman proofing. 
A. C. Irwin Franklin R. McMillan, Chairman 
A. E. Lindau M. H. Freeman 
Franklin R. McMillan Leon S. Moisseiff 
Egbert J. Moore C. C. Westfall 
W. A. Slater Rudolph P. Miller,? Formerly 
W. K. Hatt* Chairman 
Arthur R. Lord® W. K. Hatt 
H. T. Welty® Arthur R. Lord® 


1Succeeded by W. A. Slater, May 25, 1921. 

2 Resigned September 14, 1922. 

3 Succeeded by J. E. Freeman, January 1, 1921. 

4 Resigned April 3, 1922. 

5 Resigned April 17, 1923. 

6 Succeeded by T. L. D. Hadwen, November 21, 1921. 
7 Succeeded by Angus B. MacMillan, October 19, 1920. 
8 Resigned December 27, 1922. 

9 Succeeded by Franklin R. McMillan, June 6, 1921. 
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7. Waterproofing and Protective 8. Surface Finish. 
Treatment. Henry H. Quimby, Chairman 

Frederick W. Kelley, Chairman Edward D. Boyer 

Albert T. Goldbeck A. C. Irwin 

S. C. Hollister Angus B. MacMillan 

Robert W. Lesley J. E. Freeman! 

C. C. Westfall J. H. Libberton2 
Leonard C. Wason? 
H. T. Welty! 

9. Form of Specifications. 

Richard L. Humphrey, Chairman Franklin R. McMillan 

Duff A. Abrams, Secretary Henry H. Quimby 

T. L. D. Hadwen W. A. Slater 

Albert T. Goldbeck J: J: Yates 

S. C. Hollister George E. Boyd 

Frederick W. Kelley Rudolph P. Millers 

MEETINGS 


The Joint Committee held the following meetings: 


1920 


Organization meeting, Philadelphia, F ebruary 11. 

Second meeting, Asbury Park, N. J., June 23 and 24. 
Third meeting, New York City, October 26, 27, and 28. 
Fourth meeting, New York City, December 15, 16, and 17. 


1921 


Fifth meeting, New York City, March 2, 3, and 4. 
Sixth meeting, New York City, April 13, 14, and 15. 
Seventh meeting, Asbury Park, N. J., June 21. 
Eighth meeting, New York City, October 4 and 5. 
Ninth meeting, New York City, December 9. 


1922 


Tenth meeting, Cleveland, February 17. 

Eleventh meeting, Philadelphia, June 1 and 2. 

Twelfth meeting, Philadelphia, September 19. 
Thirteenth meeting, New York City, October 30 and 31. 


1 Resigned September 14, 1922. 

2Succeeded by J. E. Freeman, January 1, 1921. 

3 Succeeded by Angus B. MacMillan, October 19, 1920. 
4 Resigned December 27, 1922. 

6 Succeeded by T. L. D. Hadwen, November 21, 1921. 
6 Succeeded by Franklin R. McMillan, June 6, 1921. 
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1923 


Fourteenth meeting, Cincinnati, January 25 and 26. 

‘Fifteenth meeting, New York City, March 28. 

Sixteenth meeting, New York City, June 6. 

Seventeenth meeting, New York City, October 3, 4, and S. 
Eighteenth meeting, New York City, December 12, 13, and 14. 


Numerous meetings of sub-committees were held during the 
intervals between the meetings of the Joint Committee. 

At these meetings the Joint Committee considered the reports 
of its sub-committees, which were edited by the Sub-Committee on 
Form and incorporated in the Standard Specifications for Concrete 
and Reinforced Concrete herewith submitted. 


TENTATIVE REPORT SUBMITTED FOR CRITICISM AND DISCUSSION 


The Joint Committee submitted to its constituent organizations 
Tentative Specifications for Concrete and Reinforced Concrete, June 
4, 1921. As provided in its Rules of Organization, these Specifications 
have been open for criticism and discussion by the constituent organ- 
izations for a period of more than two years. 

These specifications were discussed: 

1. At a two-day meeting of the American Society of Civil Engi- 
neers, New York City, covering six sessions on December 7 and 8 
1921, which discussion was continued for six months in the Society 
Proceedings; 

2. At the Annual Convention of the American Concrete Institute, 
Cleveland, February 15, 1922; 

3. The American Railway Engineering Association referred the 
Specifications to its Committee on Masonry and the latter discussed 
them at several of its meetings; 

4. The American Society for Testing Materials referred the Speci- 
fications to its several committees who were particularly interested 
and they were discussed at the annual meeting of the Society held 
at Atlantic City, N. J., June 27-30, 1922. 

5. The Portland Cement Association referred them to its Com- 
mittee on Technical Problems. 


FIELD TESTS OF CONCRETE 


As a result of the discussion and criticisms the Joint Committee 
agreed to sponsor a series of field tests made under the auspices of a 
Joint Committee of Contractors, on which the Associated General 
Contractors of America were represented, with the object of deter- 
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mining whether the recommendations of the Joint Committee on 
Standard Specifications for Concrete and Reinforced Concrete were 
practical, especially as regards the provisions for the control of the 
quality of the concrete in the field. 

Tests were made during the summer of 1923 on the concrete used 
in the construction of Building No. 10 of the Victor Talking Machine 
Company, Camden, N. J., through the cooperation of the owner and 
of Stone and Webster, Inc., the contractors; these tests have been 
completed and with a discussion of the results will be available in the 
near future. 

A second series of tests were made of the concrete being used in 
the construction of the piers of the Newark Bay Bridge of the Central 
Railroad of New Jersey through the cooperation of the Railroad Com- 
pany; these tests are practically completed; it is expected that other 
tests will be made during the present year. 

All of these tests have been made possible through the cooperation 
of the owners of the structures at which the tests were made, the U. S. 
Department of Commerce (Bureau of Standards), Department of 
Highways of the Commonwealth of Pennsylvania, the Joint Commit- 
tee of Contractors, and the Structural Materials Research Laboratory, 
Lewis Institute, to whom the thanks and appreciation of the Joint 
Committee are extended.! 

The results thus far obtained are a substantial justification of 
the Joint Committee’s recommendations. 

Another series of tests is to be inaugurated under the auspices of 
the Joint Committee on Concrete Reinforcement of the American 
Society for Testing Materials, having as an object the development 
of data as a basis for specifications for metal reinforcement. 


STANDARD SPECIFICATIONS 


The Joint Committee on Standard Specifications for Concrete 
and Reinforced Concrete has carefully reviewed the criticisms and 
discussions of its recommendations and the data that have become 
available since it submitted the Tentative Specifications in 1921, and 
has made such modifications in the Specifications as were desirable. 

The Committee is of the opinion that it should now submit the 
Standard Specifications for Concrete and Reinforced Concrete; with 
the later data as the result of tests now in progress it may be deemed 
desirable to submit revisions in the light of the information obtained. 

The Committee in submitting the Specifications directs attention 


1 For the Report on the Camden and Newark Bay Tests, see Proceedings, Am. Soc. Civil Engrs., 
December, 1924. 337 
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to the fact that while the Specifications are complete as regards the 
general uses of concrete and reinforced concrete, they may require 
some additional paragraphs to cover the use of these materials for 
special purposes. 

The Committee has under consideration supplementary specifica- 
tions covering special uses of concrete and reinforced concrete on which 
it is not prepared to report at this time. 

The Joint Committee further calls attention to the fact that it 
has undertaken to prepare specifications covering the fundamentals 
to be observed in the general use of concrete and reinforced concrete; 
no attempt has been made to cover the details involved in the use of 
these materials in special structures. Although the sections relating 
to design deal primarily with building construction, nevertheless the 
principles involved are of general application to structures of other 
types. , 

This report has been submitted to letter ballot of the Joint Com- 
mittee which consists of 23 members,! representing the five societies, 
22 of whom have voted affirmatively, none negatively, and one has re- 
frained from voting. 


Respectfully submitted, 


RicHarRD L. HumpHREY, Chairman. 


J. J. Yates, Vice-Chairman Durr A. ABRAMS, Secretary- 
ERNEST ASHTON Treasurer 

Epwarp D. BoyER A. E. LinpAu 

Mitton H. FREEMAN Ancus B. MAcMILLAan 
ALBERT T. GOLDBECK FRANKLIN R. McMILLAn 
T. L. D. HaDWwEN Leon S. MOoIssEIFF 

S. C. HOLLISTER EGBERT J. MOORE 
EpwarpD E. HucHES Henry H. Quimpy 

A. C. IRWIN FREDERICK E. SCHALL 
FREDERICK W. KELLEY W. A. SLATER 


RoBeRT W. LESLEY SANFORD E. THOMPSON 


1 At the time of the completion of this report a vacancy existed in the representation of both the 
American Railway Engineering Association and the American Concrete Institute. 
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STANDARD SPECIFICATIONS 
FOR , 
CONCRETE AND REINFORCED CONCRETE. 


CHAPTER I. GENERAL INSTRUCTIONS. 


1. These Specifications cover the general conditions affecting the General 
use of concrete and reinforced concrete. To use them in connection Instructions. 
with the contract it will be necessary for the Engineer to: 

(a) Provide the detail specifications covering the work in par- 
ticular in which the concrete and reinforced concrete are to be used; 

(b) Section 7, Table I, insert percentages required; 

(c) Section 10, fill blank indicating percentage of mortar strength 
required of fine aggregate as compared with standard Ottawa sand; 

(d) Section 14, Table II, insert sieve sizes and percentages 
required ; 

(e) Section 21, strike out one of the titles of specifications for 
reinforcement bars; if billet-steel bars are to be used, indicate whether 
structural, intermediate or hard grade. 

(f) Section 24, strike out one of the titles of specifications for 
structural steel shapes; 

(g) Section 28, strike out “volume” or “weight;” 

(h) Section 29, if no tests of concrete are to be made, strike out 
last paragraph in accordance with footnote. Table IV, insert the 
concrete strengths which are assumed as basis for design of the differ- 
ent portions of the work; 

(4) Section 30, Table V, insert the slumps required; 

(7) Section 51, strike out the method or methods for depositing 
concrete under water which are not applicable to the work; 

(k) Chapter X, strike out sections on surface finish which do not 


apply; 
(1) Section 95, strike out one of the two sections on terrazzo 


finish. 
CHAPTER II. DEFINITIONS. 


2. The following definitions give the meaning of certain terms Definitions. 


as used in these specifications: 
Acid Proofing.—Treatment of a concrete surface in order to pro- 


vide resistance to the action of acids. 
Aggregate.—Inert material which is mixed with portland cement 


and water to produce concrete; in general, aggregate consists of sand, 
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pebbles, gravel, crushed stone, or similar materials. (See Fine 
A geregate, Coarse Aggregate.) 

Anchorage.—The embedment in concrete of a portion of a rein- 
forcement bar, either straight or with hooks, designed to prevent 
pulling out or slipping of the bar when subjected to stress. (The 
anchorage of tension reinforcement in beams includes only the em- 
bedded length beyond a point of contra-flexure or of zero moment.) 

A pproved.—Meeting the approval of, or specifically authorized by, 
the Engineer. 

Buttressed Retaining Wall.—A retaining wall with brackets or 
buttresses on the side opposite the pressure face uniting the upright 
section with the toe of the base. 

Cantilever Retaining Wall.—A reinforced concrete wall having an 
upright section and a base, each of which resists by cantilever action 
the pressure to which it is subjected. - 

Cellular Retaining Waill.—A retaining wall with a base, longitu- 
dinal upright sections, and a series of transverse walls, dividing the 
space between the longitudinal sections into cells which are filled with 
earth or other suitable material. 

Coarse Aggregate.—Aggregate, subject to specified tolerances, 
retained on a No. 4 sieve and of a maximum size generally not larger 
than 3in. (See Aggregate, Fine Aggregate.) 

Column.—An upright compression member the length of which 
exceeds three times its least lateral dimension. 

Column Capital.—An enlargement of the upper end of a reinforced 
concrete column designed and built to act as a unit with the column 
and flat slab. 

Column Strip.—A portion of a panel of a flat slab which has a 
uniform width equal to one-fourth of the panel length perpendicular 
to the direction of the strip, and the outer edge of which lies on the 
edges of the panel. (See Middle Strip; also Appendix 1, Fig. 15.) 

Composite Column.—A circumferentially reinforced concrete col- 
umn with a core of structural steel or cast iron which is designed to 
carry a portion of the load. 

Concrete—A mixture of portland cement, fine aggregate, coarse 
aggregate and water. (See Mortar.) 

Consistency.—A general term used to designate the relative 
plasticity of freshly mixed concrete or mortar. 

Counterforted Retaining Wall.—A reinforced concrete wall with 
brackets or counterforts on the pressure face uniting the upright sec- 
tion to the heel of the base. 

Crusher-Run Stone. —Unscreened crushed stone. (See Stone 


Screenings. 
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Cyclopean Concrete-—Concrete in which stones weighing more 
than 100 lb. are individually embedded. 

Dead Load.—The weight of the permanent parts of the structure. 

Deformed Bar.—-Reinforcement bar with shoulders, lugs, or pro- 
jections formed integrally with the bar during rolling. 

Diagonal Direction—A direction parallel or approximately 
parallel to the diagonal of the panel of a flat slab. 

Dropped Panel.—The structural portion of a flat slab which is 
thickened throughout an area surrounding the column capital. 

Effective Area of Concrete-—The area of a section of the concrete 
which lies between the tension reinforcement. and the compression 
surface in a beam or slab. 

Effective Area of Reinforcement.—The area obtained by multi- 
plying the right cross-sectional area of the metal reinforcement by 
the cosine of the angle between its direction and that for which the 
effectiveness of the reinforcement is to be determined. 

Engineer.—The engineer in responsible charge of the work. 

Fine A ggregate.—Aggregate, subject to specified tolerances, pass- 
ing through a No. 4sieve. (See Aggregate, Coarse Aggregate.) 

Flat Slab.—A concrete slab having reinforcement bars extending 
in two or more directions without beams or girders to carry the load 
to supporting members. 

Footing.—A structural unit used to distribute wall or column 
loads to the foundation materials. 

Gravel.—Rounded particles larger than sand resulting from the 
natural disintegration of rocks. (See Sand.) 

Laitance.—Extremely fine material of little or no hardness which 
may collect on the surface of freshly-deposited concrete or mortar, 
resulting from the use of excess mixing water, and usually recognized 
by its relatively light color. 

Live Load.—Loads and forces other than the dead load. 

Middle Strip.—The portion of a panel of a flat slab which extends 
in a direction parallel to a side of the panel, the width of which is 
one-half the panel length at right angles to the direction of the strip 
and whose center line lies on the center line of the panel. (See 
Column Strip; also Appendix 1, Fig. 15.) 

Mortar.—A mixture of portland cement, fine aggregate and water. 
(See Concrete.) 

Negative Reinforcement.—Reinforcement so placed as to take ten- 
sile stress due to negative bending moment. 

Oilproofing.—Treatment of a concrete surface for the purpose of 
preventing the penetration of, and resisting the action of, oils. 
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Panel Length—The distance in either rectangular direction be- 
tween centers of two columns of a panel. , 

Pedestal—An upright compression member whose height does 
not exceed three times its least lateral dimension. 

Pedestal Footing.—A column footing projecting less than one-half 
its depth from the faces of the column on all sides and having a depth 
not more than three times its least width. 

Plain Concrete—Concrete without metal reinforcement. 

Portland Cement.—The product obtained by finely pulverizing 
clinker produced by calcining to incipient fusion an intimate and 
properly proportioned mixture of argillaceous and calcareous materials, 
with no additions subsequent to calcination excepting water and 
calcined or uncalcined gypsum. 

Positive Reinforcement.—Reinforcement so placed as to take ten- 
sile stress due to positive bending moment. 

Principal Design Section.—The vertical sections in a flat slab on 
which the moments in the rectangular directions are critical. (See 
Section 143.) 

Ratio of Reinforcement—The ratio of the effective area of the 
reinforcement cut by a section of a beam or slab to the effective area 
of the concrete cut by that section. 

Rectangular Direction.—A direction parallel to a side of the panel 
of a flat slab. 

Reinforced Concrete-—Concrete in which metal is embedded in 
such a manner that the two materials act together in resisting forces. 

Rubble A ggregate—Stone or gravel larger than 3 in. in diameter 
and weighing not more than 100 lb. 

Rubble Concrete —Concrete in which pieces of rubble aggregate 
are individually embedded. (See Rubble Aggregate.) 

Sand.—Small grains resulting from the natural disintegration of 
rocks. (See Gravel.) 

Screen.—A metal plate with closely spaced circular perforations. 
(See Sieve.) 

Sieve.—Woven wire cloth with square openings. (See Screen.) 

Slump.—The shortening of a standard test mass of freshly mixed 
concrete, used as a measure of workability in accordance with the 
standard method. (See Appendix 11.) 

Standard Sand.—Natural sand from Ottawa, IIl., screened to 
pass a No. 20 sieve and retained on a No. 30 sieve, used as the 
fine aggregate in standard strength tests of portland cement. (For 
specifications see Appendix 2.) 

Stone Screenings.—Crushed stone, subject to specified tolerances, 


passing through a No. 4 sieve. (See Cie Run Stone.) 
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Strut.—A compression member other than a column or pedestal. 

Tremie.—A water-tight pipe of suitable dimensions, generally 
used in a vertical position, for depositing concrete under water. 

Wall Beam.—A reinforced concrete beam which extends from 
column to column along the outer edge of a wall panel. 


CHAPTER III. QUALITY OF CONCRETE 

3. The design of the various portions of the structure is based on Strength. 
the assumption that the concrete will develop the compressive strength 
at 28 days which, for purposes of design only, are given in Section 29, 

Table IV. 

4. The making, curing and testing of field concrete test specimens Tests of 
shall be carried out in accordance with the Standard Methods of ase, 
Making and Storing Specimens of Concrete in the Field (Serial Desig- 
nation: C 31-21) of the American Society for Testing Materials. 
(Appendix 13.) ; 


CHAPTER IV. MATERIALS.! 
A. Portland Cement. 


5. Portland cement shall conform to the Standard Specifications Portland 
and Tests for Portland Cement (Serial Designation: C 9-21) of the Semen 
American Society for Testing Materials? (Appendix 2) and subse- 
quent revisions thereof. 


B. Fine Aggregate. 


6. Fine aggregate shall consist of sand or other approved inert General 
materials with similar characteristics, or a combination thereof, having Re™tement 
clean, hard, strong, durable, uncoated grains and free from injurious 
amounts of dust, lumps, soft or flaky particles, shale, alkali, organic 
matter, loam or other deleterious substances. 

7. Fine aggregate shall range in size from fine to coarse within Grading. 
the limits indicated in Table I. 


TABLE I.—GRADING OF FINE AGGREGATE. 
Per CENT BY WEIGHT - 


Passing through No. 4 sieve.................--...not less than (a)? 


b , not more than (b)3 
Passing through No. 50 sieve.......-.-.++.s-+6s Bi econo 
Weight removed by decantation..........-.....-- not more than (d)8 


1 These Specifications cover the usual requirements for aggregate. Where concrete having special 
properties is essential the specifications should make clear the characteristics of the aggregate to be used. 

2 These Specifications are also the standard of the following: United States Government, American 
Railway Engineering Association, American Concrete Institute, and Portland Cement Association. 
Approved by the American Engineering Standards Committee as an American Standard. 

3 The grading requirements will vary with the type of work and characteristics of materials avail- 
able in any given locality. Wherever practicable the following values should be inserted: (a) =85 
per cent; (6) =30 per cent; (c) =10 per cent; (d) =3 se 
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8. The sieves and method of making sieve analysis shall conform 
to the Standard Method of Test for Sieve Analysis of Aggregates for 
Concrete (Serial Designation: C 41 — 24) of the American Society for 
Testing Materials. (Appendix 8.) 

9. The decantation test shall be made in accordance with the 
Tentative Method of Decantation Test for Sand and Other Fine 
Aggregates (Serial Designation: D 136-22 T) of the American 
Society for Testing Materials. (Appendix 9.) 

10. Fine aggregate shall be of such quality that mortar bri- 
quettes, cylinders or prisms, consisting of one part by weight of port- 
land cement and three parts by weight of fine aggregate,! mixed and 
tested in accordance with the methods described in the Standard 
Specifications and Tests for Portland Cement (Appendix 2) will show 
a tensile or compressive strength at ages of 7 and 28 days not less than 
oe a per cent? ofthat of 1:3 standard Ottawa sand mortar of thesame 
plasticity made with the same cement. Concrete tests shall be made 
in accordance with the Tentative Methods of Making Compression 
Tests of Concrete (Serial Designation: C 39-21 T) of the American 
Society for Testing Materials. (Appendix 12.) 

11. Sand, when tested in accordance with the Standard Method 
of Test for Organic Impurities in Sand for Concrete (Serial Desig- 
nation: C 40 — 22) of the American Society for Testing Materials 
(Appendix 10), shall show a color not darker than the standard color 
unless it complies with Section 10. 

12. Fine aggregate which does not conform to the above require- 
ments for grading, mortar strength or color, may be used only when 
approved by the Engineer and then in such proportions as he may 
require. 

C. Coarse Aggregate.’ 


13. Coarse aggregate shall consist of crushed stone, gravel, or 
other approved inert materials with similar characteristics, or com- 
binations thereof, having clean, hard, strong, durable, uncoated 
particles free from injurious amounts of soft, friable, thin, elongated 
or laminated pieces, alkali, organic or other deleterious matter. 

14. Coarse aggregate* shall range in size from fine to coarse 


within the limits given in Table IT. 


1In testing aggregate, care should be exercised to avoid the removal of any coating on the grains 
which may affect the strength. Sand should not be dried before being made into mortar, but should 
contain its natural moisture. The quantity of water contained may be determined on a separate 
sample and the weight of the sand used in the test corrected accordingly. 

2 This percentage must be inserted by the Engineer; it should preferably be 100. 

3 Appendix 16 furnishes a guide in determining the proportions of materials required to produce 
concrete of a given strength, using aggregates of different sizes and concrete of different consistencies. 

4On work of considerable magnitude where several suitable coarse aggregates are available, an 
investigation of the relative economy of each is advisable. 
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TABLE II.—S1zE AND GRADING OF COARSE AGGREGATE. 


PER CENT 
PASSING BY WEIGHT 
— Guns Sleves MMaximtitmNSiZe) sama eee bee ce not less than 95 
-4in,. “* (intermediate size) ............ not less than ——* 
not more than ——? 
No. 4 eC Ean ete ioe eho atte eulotaMorertnatil O 
No. 8 Be a RT ae em EAN ee Ae Sit ee eS not more than 5 


° The Engineer must insert in these blanks the sizes and percentages required with regard to materials avai'able. 
The following table indicates desirable gradings for coarse aggregates of certain nominal maximum sizes: 


7 ; Percentage by Weight Passing through Standard Sieves Percentage Passing, 
Nominal Maximum with Square Openings not more than 
Size of Aggregate, 
in. 

A ; ie , sare sis No. 4 No. 8 

3 in. 2 in. 13 in. lin. 4 in. Q in. Sieve Sieve 
Sabre te iercanctin cae 95 : 40-75 Re i aye 10 5 
Do aeiia st statater ond aigiate er one 95 i 40-75 ae de 10 5 
TER Sabie eee aes 2 Pr 95 e 40-75 10 5 
ie eS oaren raenenar a ae = 95 ae Be 10 5 
BN nic stirs crt 95 ne 10 5 
De ee Ne si 95 10 5 


15. The test for size and grading of aggregate shall be made in Sieve Sizes. 
accordance with the Standard Method of Test for Sieve Analysis of 
Aggregates for Concrete. (Appendix 8.) 

16. Coarse aggregate! which does not conform to the above re- Permissible 
quirements may be used only when approved by the Engineer and Y4"@ton® 
then in such proportions as he may require. 


D. Rubble and Cyclopean Aggregate. 


17. Rubble aggregate shall consist of clean, hard, durable stone Rubble 


or gravel larger than 3 in. and weighing not more than 100 lb. Aggregate. 
18. Cyclopean aggregate shall consist of clean, hard, durable cyctopean 
stone or gravel weighing more than 100 Ib. Aggregate. 


E. Storage of Aggregate. 


19. Aggregate shall be so stored as to avoid the inclusion of Storage of 
foreign materials. Frozen aggregate or aggregate containing lumps A&&"eeete- 
of frozen material shall be thawed before using. 


F. Water. 


20. Water for concrete shall be clean and free from injurious General 
amounts of oil, acid, alkali, organic matter, or other deleterious Rew7ements 
substance. 


1 Requirements for the quality of coarse aggregate for special purposes should be inserted. 
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G. Metal Reinforcement. 


21. Metal reinforcement shall conform to the requirements of 
the Standard Specifications! for Billet-Steel Concrete Reinforcement 
Bars grade (Serial Designation: A 15 — 14) of the American Society 
for Testing Materials (Appendix 3), Standard Specifications! for Rail- 
Steel Concrete Reinforcement Bars (Serial Designation: A 16-14) 
of the American Society for Testing Materials (Appendix 4), except 
that the provision for machining deformed bars before*testing shall 
be eliminated. 

22. Reinforcement bars shall conform to the areas and equivalent 
sizes shown in Table ITI. 


TABLE III.—SizEs anp AREAS OF REINFORCEMENT Bars, 


Size of Bar, : Area, sq. in. 


Round Bar | Square Bar 


eae Reteenae ns Uae ee. cea aN beleat OST 10 Gn eee 
Rte See eM ce aD | 0.196 0.250 
Bart cu ince eo ee lol te Os806 ma |e eens 
PIAS oe es ne Ore! Merl ees 
Py ab EE Pe ee ee CRG eee e, 
) PRM Aeron Se N a tae a en 0.785 1.000 
Lecce cirak ru ee | ee 1.265 
| CAE eT es ee Ne. eee ces 1.562 


23. An approved deformed bar shall be one that will develop a 
bond at least 25 per cent greater than that of a plain round bar of 
equivalent cross-sectional area. The areas of deformed bars shall be 
determined by the minimum cross-section thereof. 

24. Structural steel shapes used for reinforcement shall conform 
to the requirements of the Standard Specifications*® for Structural 
Steel for Bridges (Serial Designation: A 7-24) of the American 
Society for Testing Materials (Appendix 5), Standard Specifications? 
for Structural Steel for Buildings (Serial Designation: A 9-24) of the 
American Society for Testing Materials. (Appendix 6.) : 

25. Wire for concrete reinforcement shall conform to the require- 
ments of the Tentative Specifications for Cold-Drawn Steel Wire for 
Concrete Reinforcement (Serial Designation: A 82-21 T) of the 
American Society for Testing Materials. (Appendix 7.) 
Evpeengiheenontes strike out one of these titles. The Committee recommends as preferred 
material for reinforcement that meeting the requirements of the Standard Specifications for Billet-Steel 


Concrete Reinforcement Bars of intermediate grade, made by the open-hearth process, except that 
the provision for machining the test specimens shall be eliminated. 


* The Committee has under consideration a specification for deformed bars but és not prepared at 
this time to make more definite recommendations, 
3 The engineer must strike out one of these titles, 


350 


On SPECIFICATIONS FOR CONCRETE 23 


26. Cast iron used in composite columns shall conform to the Cast Iron. 
requirements of the Standard Specifications for Cast-Iron Pipe and 
Special Castings (Serial Designation: A 44-04) of the American 
Society for Testing Materials. (Appendix 14.) 


CHAPTER V. PROPORTIONING AND MIXING CONCRETE 
A. Proportioning. 


27. The unit of measure shall be the cubic foot. Ninety-four Unit of 
pounds of cement (one bag or } bbl.) shall be considered as one cubic mast 
foot. 

28. The method of measurement shall be such as to secure the Measure- 


specified proportions in each batch. The aggregates shall be measured eee 


TABLE IV.—PROPORTIONS FOR CONCRETE.-% 


Proportions by Volume Concrete Strength 
Part of Structure Ki Cc rae ea ae 
Cement ne Parse sq. in at 28 Days 


Aggregate | Aggregate 


Hootings yaa roe ee ok eer ero Meer oe ee ae rose 
Beams Girderssslabsters caswiiiseie ns emer se erie cae 
OL RIND eee ee rere Oro erro eran cette Seen ina 


a The Engineer should determine, by tests of the available aggregate in advance of use, the proportions necessary 
to produce concrete of the required strength. Where this is impracticable Appendix 16 may be used as a guide. 
Appendix 16 is based on volumes of dry aggregate compacted by rodding in the measure, as specified in the Standard 
Method of Test for Unit Weight of Aggregate for Concrete (Serial Designation: C 29-21) of the American Society 
for Testing Materials. (See Appendix 15.) Corrections should be made in the quantities in Appendix 16 to take 
account of the bulking effect of moisture in the fine aggregate. The bulking of fine aggregate (swelling) due to con- 
tained moisture, and the method of placing it in the measure, may result in a reduction of 25 per cent in the actual 
quantity of fine aggregate, as compared with that obtained by dry measurement by the standard method. 

b The measure of the quality of concrete is its workability, as determined by the slump test or other approved test, 
and its compressive strength at 28 days, using the materials in the proportions specified. 

c Concrete strengths to be used as basis for design shall be filled in by the Engineer. 


separately by volume,! weight.'| In volume measurement the fine 
aggregate and the coarse aggregate shall be measured loose, as thrown 
into the measuring device, and struck off.2 The water shall be so 
measured as to insure the desired quantity in successive batches. 
29. Concrete shall be mixed in the proportions indicated in proportions. 
Table IV. 
Variations in the grading of the aggregates, on which the propor- 
tions were’based, may be made upon the approval of the Engineer and 
in such proportions as he may direct (Sections 3 and 14), but no claim 
shall be made for extra compensation therefor. 


1 The Engineer must strike out one of these terms. 
2 The volume of fine aggregate is affected by the method of measurement and by the moisture 


corrections should be made, when necessary, to maintain the required proportions. See 


content; 
also footnote to Table IV. 
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The Engineer shall have the right to make any changes in pro- 
portions or materials that may be necessary or desirable, and proper 
adjustment of compensation will be made in accordance with the pro- 
visions of the contract. 

In general the quantity of water used shall be the minimum neces- 
sary to produce concrete of a workability specified in Table V. 


TABLE V.—WoORKABILITY OF CONCRETE. 


Type of Concrete. Slump, 


1: Mass concrete. vascc.t nc psnene ye eee tee aE ee 8 
2. Reinforced concrete: 1 

(a) Thin vertical sections and columns.................. aa 

(0), Heavy sections’: 2208.53.35. .00e aes eee ee 4 

ofbislote prone eae a 


3. Roads and pavements: 
(a) Hand ifinished’. 3... acer cree 


See “a 
(6)! Machine'finished:=s.6 2.0 = ote oe ee ee .@ 
4. Mortar for floor fimishie.eruscenc. ncace ce een a ee pete 


a The engineer must insert the maximum slumps permitted. The slump test requirement is intended to insure 
concrete mixed with the minimum quantity of water required to produce a plastic mixture. The following table 
indicates the maximum slump desirable for the various types of concrete, based on average aggregates and proportions: 


Maximum 
Type of Concrete. Slump, 
in. 


1. Mass:coneretes s24:c55 ios cae tne ee ee 3 


2. Reinforced concrete: 
(a) Thin vertical sections and columns.................. 6 
(6): Heavy.sections Nz... tancncck ee rene ee 3 
8 


3. Roads and pavements: 


(a) Hand finished tsnad cetiaceh cine teen eee 3 
(6)) Machine finished: «2.2% So pete sees ee ee 1 
45 Mortar-for floor'finishzie7. 3... See ee ee eee 2 


Frequent tests' shall be made throughout the work, as’ directed 
by the Engineer, to determine whether the concrete produced by the 
proportions given in Table IV is of the quality specified. These tests 
shall be made in accordance with Section 4 and at the expense of the 
owner. ‘The contractor shall provide such facilities as may be prac- 
ticable for carrying out the tests, and shall cooperate in every way to 
the end that concrete of the desired quality shall be obtained. 


{ 


B. Consistency of Concrete. 


30. The quantity of water used shall be the minimumi necessary 
to produce concrete of a workability required by the Engineer.2. The 
consistency of the concrete shall be measured by the slump test as 


1If no tests are to be made on concrete from available materials, or on the concrete 
the work, this paragraph shall be omitted. 

* Attention is called to the fact that increased workability may be obtained by decreasing the 
quantity of coarse aggregate in the batch, without increasing the quantity of mixing water, 
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described in the Tentative Method of Test for Consistency of Portland- 
Cement Concrete for Pavements or for Pavement Base (Serial Desig- 
nation: D 138-22 T) of the American Society for Testing Materials. 
(Appendix 11.) The slump for the different types of concrete shall 
not be greater than that indicated in Table V, unless authorized by 
the Engineer. 

The consistency shall be checked from time to time during the 
progress of the work. 


C. Mixing. 


31. The mixing of concrete, unless otherwise authorized by the 
Engineer, shall be done in a batch mixer of approved type which will 
insure a uniform distribution of the materials throughout the mass, so 
that the mixture is uniform in color and homogeneous. ‘The mixer 
shall be equipped with suitable charging hopper, water storage, and 
a water-measuring device controlled from a case which can be kept 
Jocked and so constructed that the water can be discharged only while 
the mixer is being charged. It shall also be equipped with an attach- 
ment for automatically locking the discharge lever until the batch has 
been mixed the required time after all materials are in the mixer. The 
entire contents of the drum shall be discharged before recharging. 
The mixer shall be cleaned at frequent intervals while in use. .The 
volume of the mixed material per batch shall not exceed the manu- 
facturer’s rated capacity of the mixer. 

32. The mixing of each batch shall continue not less than one 
minute after all the materials are in the mixer, during which time the 
mixer shall rotate at a peripheral speed of about 200 ft. per minute. 

33. When hand mixing is authorized by the Engineer it shall be 
done on a water-tight platform. The cement and fine aggregate shall 
first be mixed dry until the whole is of a uniform color. The water 
and coarse aggregate shall then be added and the entire mass turned 
at least three times, or until a homogeneous mixture of the required 
consistency is obtained. ; 

34. The retempering of concrete or mortar which has partially 
hardened, that is, remixing with or without additional cement, aggre- 
gate, or water, will not be permitted. 


CHAPTER VI. DEPOSITING CONCRETE. 
A. Depositing in Atr. 


35. Before beginning a run of concrete, hardened concrete and 
foreign materials shall be removed from the inner surfaces of the 


mixing and conveying equipment. 
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36. Before depositing concrete, debris shall be removed from the 
space to be occupied by the concrete; forms shall be thoroughly 
wetted (except in freezing weather) or oiled. Reinforcement shall be 
thoroughly secured in position and approved by the Engineer. 

37. Concrete shall be handled from the mixer to the place of 
final deposit as rapidly as practicable by methods which shall prevent 
the separation or loss of the ingredients. It shall be deposited in the 
forms as nearly as practicable in its final position to avoid rehandling. 
It shall be so deposited as to maintain, until the completion of the 
unit, a plastic surface approximately horizontal. Forms for walls or 
other thin sections of considerable height, shall be provided with open- 
ings, or other devices, that will permit the concrete to be placed in a 
manner that will avoid accumulations of hardened concrete on the 
forms or metal reinforcement. Under no circumstances shall concrete 
that has partially hardened be deposited in the work. 

38. When concrete is conveyed by chuting, the plant shall be of 
such size and design as to insure a practically continuous flow in the 
chute. The angle of the chute with the horizontal shall be such as to 
allow the concrete to flow without separation of the ingredients.1. The 
delivery end of the chute shall be as close as possible to the point of 
deposit. When the operation is intermittent, the spout shall discharge 
into a hopper. The chute shall be thoroughly flushed with water 
before and after each run; the water used for this purpose shall be 
discharged outside the forms. 

39. Concrete, during and immediately after depositing, shall be 
thoroughly compacted by means of suitable tools. For thin walls or 
inaccessible portions of the forms, where rodding or forking is imprac- 
ticable, the concrete shall be assisted into place by tapping or hammer- 
ing the forms opposite the freshly deposited concrete. The concrete 
shall be thoroughly worked around the reinforcement, and around 
embedded fixtures, and into the corners of the forms. 

40. Water shall be removed from excavations before concrete is 
deposited, unless otherwise directed by the Engineer. Any flow of 
water into the excavation shall be diverted through proper side drains 
to a sump, or be removed by other approved methods which will avoid 
washing the freshly deposited concrete. - Water vent pipes and drains 
shall be filled by grouting or otherwise, after the concrete has thor- 
oughly hardened. 

41. Exposed surfaces of concrete shall be protected from prema- 
ture drying for a period of at least seven days after being deposited. 

1 An angle of 27 deg., or one vertical to two horizontal, is the minimum slope which is considered 


permissible. Chuting through a vertical pipe is satisfactory when the lower end of the pipe is main- 
tained as nearly as practicable to the surface of deposit, and the pipe full. 
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42. Concrete when deposited shall have a temperature of not less 
than 40° F. nor more than 120° F. In freezing weather suitable means 
shall be provided for maintaining the concrete at a temperature of at 
least 50° F. for not less than 72 hours after placing, or until the con- 
crete has thoroughly hardened. The methods of heating the materials 
and protecting the concrete shall be approved by the Engineer. Salt, 
chemicals, or other foreign materials shall not be mixed with the con- 
crete for the purpose of preventing freezing, unless approved by the 
Engineer. 

43. Concrete shall be deposited continuously and as rapidly as 
practicable until the unit of operation, approved by the Engineer, 
is completed. Construction joints at points not provided for in the 
plans shall be made in accordance with the provisions in Section 69. 

44, Before depositing new concrete on or against concrete which 
has set, the forms shall be retightened, the surface of the set concrete 
shall be roughened as required by the Engineer, thoroughly cleaned of 
foreign matter and laitance, and saturated with water. ‘The new con- 
crete placed in contact with hardened or partially hardened concrete, 
shall contain an excess of mortar to insure bond. ‘To insure this 
excess mortar at the juncture of the hardened and the newly deposited 
concrete, the cleaned and saturated surfaces of the hardened concrete, 
including vertical and inclined surfaces, shall first be slushed with a 
coating of neat cement grout against which the new concrete shall be 
placed before the grout has attained its initial set. 


B. Rubble and Cyclopean Concrete. 

45. Rubble aggregate shall be thoroughly embedded in the 
concrete. The individual stones shall not be closer to any surface or 
adjacent stone than the maximum size of the coarse aggregate plus 
1 in. Each successive layer of concrete shall be keyed in accordance 
with the provision in Section 69. 

46. Cyclopean aggregate shall be thoroughly embedded in the 
concrete; no stone shall be closer to a finished surface than 1 ft. mor 
closer than 6 in. to any adjacent stone. Stratified stone shall be laid 
on its natural bed. 

C. Depositing Under Water.’ 

47. The methods, equipment, and materials to be used shall be 

submitted to and approved by the Engineer before the work is started. 


1 Concrete should not be deposited under water if practicable to deposit in air. There is always 
uncertainty as to the results obtained from placing concrete under water. Where conditions permit, 
the additional expense and delay of avoiding this method will be warranted. It is especially important 
that the aggregate be free from loam and other material which may cause laitance. Washed aggregates 
are preferable. Coarse aggregate consisting of washed gravel of a somewhat smaller size than that 
used in open-air concrete work will give best results. Concrete should never be deposited under water 


without experienced supervision. Many failures, especially of structures in sea water, can be traced 


directly to ignorance of proper methods or lack of expert supervision. 
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Concrete shall be deposited by a method that will prevent the washing 
of the cement from the mixture, minimize the formation of laitance 
and avoid flow of water until the concrete has fully hardened. Con- 
crete shall be placed so as to minimize segregation of materials. Con- 
crete shall not be placed in water having a temperature below 35° F. 

48. Concrete to be deposited under water shall contain 12 bbl. 
(7 bags) or more of portland cement per cubic yard of concrete in place. 

49. Cofferdams shall be sufficiently tight to prevent flow of water 
through the space in which the concrete is to be deposited. Pump- 
ing will not be permitted while concrete is being deposited, nor until 
it has fully hardened. 

50. Concrete shall be deposited continuously, keeping the top 
surface as nearly level as possible, until it is brought above the water, 
or to the required height. The work shall be carried on with suffi- 
cient rapidity to prevent the formation of layers. 

51. The following method? shall be used for depositing concrete 
under water: 

(a) Tremie—The tremie shall be water-tight and sufficiently 
large to permit a free flow of concrete. It shall be kept filled? at all 
times during depositing. The concrete shall be discharged and 
spread by raising the tremie in such manner as to maintain as nearly 
as practicable a uniform flow and avoid dropping the concrete through 
water. If the charge is lost during depositing the tremie shall be 
withdrawn and refilled. _ 

(6) Drop-Bottom Bucket.—The bucket shall be of a type that 
cannot be dumped until it rests on the surface upon which the con- 
crete is to be deposited. The bottom doors when tripped shall open 
freely downward and outward. The top of the bucket shall be open. 
The bucket shall be completely filled, and slowly lowered to avoid 
back-wash. When discharged, the bucket shall be withdrawn slowly 
until well above the concrete. , 

(c) Bags.—Bags of jute or other coarse cloth shall be filled about 
two-thirds full of concrete and carefully placed by hand in a header- 
and-stretcher system so that the whole mass is interlocked. 

52. Great care shall be exercised to disturb the concrete as little 
as possible when it is being deposited in order to avoid the formation 
of laitance. On completing a section of concrete, the laitance shall 
be entirely removed before work is resumed. 


1 The engineer must strike out the method or methods not applicable to the work. 

2 The tremie may be filled by one of the following methods: ( 1) Place the lower end {n a box 
partly filled with concrete, so as to seal the bottom, then lower into position; (2) plug the tremie with 
cloth sacks or other material, which will be forced down as the pipe is filled with concrete; (3) plug 
the end of the tremie with cloth sacks filled with concrete, 
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CHAPTER VII. FORMS. 


53. Forms shall conform to the shape, lines and dimensions of 
the concrete as called for on the plans. Lumber used in forms for 
exposed surfaces shall be dressed to a uniform thickness, and shall be 
free from loose knots or other defects. Joints in forms shall be hori- 
zontal or vertical. For unexposed surfaces and rough work, undressed 
lumber may be used. Lumber once used in forms shall have nails 
withdrawn, and surfaces to be in contact with concrete thoroughly 
cleaned, before being used again. 

54. Forms shall be substantial and sufficiently tight to prevent 
leakage of mortar; they shall be properly braced or tied together so 
as to maintain position and shape. If adequate foundation for 
shores cannot be secured, trussed supports shall be provided. 

55. Bolts and rods shall preferably be used for internal ties; 
they shall be so arranged that when the forms are removed no metal 
shall be within 1 in. of any surface. Wire ties will be permitted only 
on light and unimportant work; they shall not be used through 
surfaces where discoloration would be objectionable. Shores sup- 
porting successive stories shall be placed directly over those below, or 
so designed that the load will be transmitted directly to them. Forms 
shall be set to line and grade and so constructed and fastened as to 
produce true lines. Special care shall be used to prevent bulging. 

56. Unless otherwise specified, suitable moldings or bevels shall 
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be placed in the angles of forms to round or bevel the edges of the - 


concrete. 

57. The inside of forms shall be coated with non-staining mineral 
oil or other approved material or thoroughly wetted (except in 
freezing weather). Where oil is used, it shall be applied before the 
reinforcement is placed. 

58. Temporary openings shall be provided at the base of column 
and wall forms, and at other points where necessary to facilitate clean- 
ing and inspection immediately before depositing concrete. _ 

59. Forms shall not be disturbed until the concrete has ade- 
quately hardened.! Shoring shall not be removed until the member 
has acquired sufficient strength to safely support its weight and the 

load upon it. Members subject to additional loads during construc- 
tion shall be adequately shored to support both the member and con- 
struction loads in such a manner as will protect the member from 
damage by the loads; this shoring shall not be removed until the 
member has acquired sufficient strength to safely support its weight 
and the load upon it. - 
1 Many conditions affect the hardening of econerete and the proper time for the removal of the 
forms should be determined by the Engineer. 357 
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CHAPTER VIII. DETAILS OF CONSTRUCTION. 
A. Metal Reinforcement. 


60. Metal reinforcement, before being positioned, shall be 
thoroughly cleaned of mill and rust scale and of coatings that will 
destroy or reduce the bond. Reinforcement appreciably reduced in 
section shall be rejected. Where there is delay in depositing concrete, 
reinforcement shall be re-inspected and, when necessary, cleaned. 

61. Reinforcement shall be carefully formed to the dimensions 
indicated on the plans or as provided in Section 140. Cold bends 
shall be made around a pin having a diameter of four or more times 
the least dimension of the reinforcement bars for steel of structural 
grade and eight or more times that for steel of intermediate or hard 
grade. 

62. Metal reinforcement shall not be bent or straightened in 
a manner that will injure the material. Bars with kinks or bends not 
shown on the plans shall not be used. Heating of reinforcement will 
be permitted only when the entire operation is approved by the 
Engineer. 

63. Metal reinforcement shall be accurately positioned, and 
secured against displacement by using annealed iron wire of not less 
than No. 18 gage or suitable clips at intersections, and shall be sup- 
ported by concrete or metal chairs or spacers, or metal hangers. The 
minimum clear distance between parallel bars shall be 13 times the 
diameter of round bars or 13 times the diagonal of square bars; if 
the ends of bars are anchored as specified in Section 140, the clear 
spacing may be made equal to the diameter of round bars or to the 
diagonal of square bars, but in no case shall the spacing between bars 
be less than 1 in., nor less than 1} times the maximum size of the 
coarse aggregate. Bars parallel to the face of any member shall be 
embedded a clear distance of not less than one diameter from the 
face. | 

64. In slabs, beams and girders, splices of reinforcement shall 
not be made at points of maximum stress without the approval of the 
Engineer. Splices, where permitted, shall provide sufficient lap to 
transfer the stress between bars by bond and shear. In such splices 
the bars shall be placed at the minimum distance specified in Section 
63; adjacent bars shall not be spliced at the same point. 

Splices in columns, piers and struts shall provide sufficient lap to 
transfer the stress by bond. < 

65. Where changes in the cross-section of a compression member 
occur, the longitudinal reinforcement bars shall be sloped for the full 
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length of the member or offset in a region where lateral support is 
afforded. Where offset, the slope of the inclined portion from the 
axis of the member shall not be more than 1 in 6. 

66. Exposed reinforcement bars intended for bonding with future Future 
extensions shall be protected from corrosion. aoe 


B. Protective Concrete Covering. 


67. Metal reinforcement in wall footings and column footings Moisture 
shall have a minimum covering of 3 in. of concrete. At surfaces of Protection. 
concrete exposed to the weather, metal reinforcement shall be pro- 
tected by not less than 2 in. of concrete. 

68. Metal reinforcement in fire-resistive construction shall be Fire 
protected by not less than 1 in. of concrete in slabs and walls, and not Protection. 
less than 2 in. in beams, girders and columns, provided aggregate 
showing an expansion not materially greater than that of limestone or 
trap rock is used; when impracticable to obtain aggregate of this 
grade, the protective covering shall be 1 in. thicker and shall be rein- 
forced with metal mesh having openings not exceeding 3 in., placed 
1 in. from the finished surface. 

In structures where the fire hazard is limited, the metal reinforce- 
ment shall not be placed nearer the exposed surface than # in. in slabs 
and walls or 14 in. in beams, girders and columns. 


C. Joints. 


69. Joints not indicated on the plans shall be so designed and Goneral, 
located as to least impair the strength and appearance of the structure. 
To prevent laitance in horizontal joints, excess water shall be removed 
from the surface forming the joint after depositing the concrete. 
Surfaces of contact shall be cleaned and wetted before depositing is 
resumed, and any laitance shall be removed. Where additional 
resistance to horizontal shear is required, stones shall be partially 
embedded in such a manner as to key with the adjoining concrete; 
or mortices or keys shall be formed in the concrete. 

70. Joints in columns shall be made at the underside of the floor. Joints in 
Haunches and column capitals shall be considered as part of and to Cl™mns- 
act continuous with the floor. At least two hours must elapse after 
depositing concrete in the columns or walls before depositing in beams, 
girders, or slabs. 

71. Construction joints in floors shall be located near the middle ite in 
of spans of slabs, beams or girders, unless a beam intersects a girder “°° 
at this point, in which case the joints in the girders shall be offset a 
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distance equal to twice the width of the beam. Adequate provision 
shall be made for shear by use of inclined reinforcement. 

72. Construction joints made crosswise of a building 100 ft. or 
more in length, shall have special reinforcement placed at right angles 
to the joint and extending a sufficient distance on each side of the 
joint to develop the strength of the reinforcement by bond. This 
reinforcement shall be placed near the opposite face of the member 
from the main tension reinforcement; the cross-sectional area of such 
reinforcement shall be not less than 0.5 per cent of the section of the 
members cut by the joint. 

73. Expansion joints shall be so detailed that the necessary move- 
ment may occur with the minimum resistance at the joint. The 
structure adjacent to the joint shall preferably be supported on sep- 
arate columns or walls. Reinforcement shall not extend across an 
expansion joint; the break between the two sections shall be complete.! 
Exposed edges of expansion joints in walls or abutments shall be 
rounded. Exposed expansion joints between two distinct concrete 
members shall be filled with an elastic joint filler of approved 
quality. 

74. Buildings exceeding 200 ft. in length and of width less than 
about one-half the length, shall be divided by means of expansion 
joints, located near the middle, but not more than 200 ft. apart, to 
minimize the destructive effects of temperature changes and shrinkage. 
Where there is an abrupt change in the width of a building, an expan- 
sion joint shall be provided. 

75. The seat of sliding joints shall be finished to a smooth plane 
surface and allowed to harden. Two thicknesses of building paper 
shall be placed on the seat before depositing superimposed concrete.? 

76. Where construction joints are required to be water-tight the 
method of construction shall be as follows: 

(a) Horizontal joints shall be constructed by forming a continuous 
keyway in the lower portion of concrete before the concrete has hard- 
ened. Before placing the superimposed concrete the joint shall be 
thoroughly cleaned of laitance or other foreign material, saturated 
with water and coated with neat cement grout. The superimposed 
concrete shall be placed in such a manner as will insure an excess of 
mortar over the entire surface of the joint. 

(b) Vertical joints shall be made by a metal water-stop approved 
by the Engineer. 


1A coating of white lead and oil, asphalt paint, petrolatum, or waterproofed building paper, 
placed over the entire surface of the hardened concrete, is commonly used for this purpose. 
2 Sheet zinc, lead, and bronze are also used for this purpose. 
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Seepage water shall be collected and drained from the forms; 
where required, vent pipes shall be closed after the concrete has 
thoroughly hardened.! 


CHAPTER IX. WATERPROOFING AND PROTECTIVE TREATMENT 
A. Waterproofing. 


77. Concrete required to be water-tight shall be made with strict 
adherence to all provisions in these specifications regarding the choice 
of materials, proportions, consistency, mixing, placing, protecting, and 
workmanship. 

78. Integral compounds shall not be used for waterproofing unless 
specifically authorized by the Engineer. 

79. See Section 76. 


B. Oilproofing. 


80. Concrete containers for light mineral oils, animal oils, certain 
vegetable oils and other commercial liquids shall be given an inside 
coating which shall be applied before the container is placed in service; 
the coating and the method of application shall be approved by the 
Engineer.’ Floors or other surfaces exposed to heavy concentrations 
of such oils or liquids shall be similarly protected. 


C. Concrete in Sea Water. 


81. Plain concrete in sea water from 2 ft. below low water to 2 ft. 
above high water, or from a plane below to a plane above wave action, 
shall contain a minimum of 14 bbl.(7 bags) of portland cement per 


1 To secure water-tight joints it is vitally essential that all incoming water be drained from behind 
the forms during the process of concreting. If the upper portion of the joint is concreted first, a metal 
water-stop should be provided as directed by the Engineer. 

? The effect of certain oils and other liquids on concrete and surface treatments which have been 
found beneficial are given in Appendix 17. 

Concrete containers for mineral oils of 30° Baumé and lighter should be given a coating which 
will not be affected or penetrated by mineral spirits. Coatings containing ingredients which saponify 
or oxidize in the presence of lime shall be applied only to a surface which has previously been treated 
to neutralize the lime. 

Concrete containers for mineral oils heavier than 30° Baumé require no coating. 

Certain vegetable and animal oils and strong acids and alkaline solutions have a destructive effect 
on concrete and some protective treatment is required. Several vegetable oils have a disintegrating 
effect on concrete in cases where the surface is alternately wet and dry, yet when stored in closed 
concrete containers have no injurious action. 

Concrete containers for commercial liquids involve certain special features in addition to the 
general requirements of good concrete. Containers for such liquids often have thin sections, therefore 
a rich mixture is necessary to obtain concrete of proper workability without sacrificing strength and 
impermeability; it is especially necessary to eliminate joints or seams; thorough spading is essential 
and should be continuous during the placing of concrete, 
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cubic yard in place. Other plain concrete in sea water or exposed 
directly along the sea coast shall contain a minimum of 13 bbl. (6 
bags) of portland cement per cubic yard in place. Porous or weak 
aggregates shall not be used. 

82. The consistency shall meet the requirements of Section 30. 

83. Sea water shall not be allowed to come in contact with the 
concrete until it has hardened for at least four days. Concrete shall 
be placed in such a manner as to minimize the number of horizontal 
or inclined seams or work planes. The placing of concrete between 
tides shall be a continuous operation, in accordance with the methods 
described in Section 43; where it is impossible to avoid seams or joints 
proceed as in Section 44. Concrete shall be deposited in sea water 
only when so directed by the Engineer, in which case it shall be placed 
in accordance with the methods described in Sections 47 to 52. 

84. Metal reinforcement shall be placed at least 3 in. from any 
plane or curved surface, except at corners when it shall be at least 4 in. 
from adjacent surfaces. Metal chairs, supports, or ties shall not 
extend to the surface of the concrete. Where unusually severe con- 
ditions of abrasion are anticipated, the face of the concrete from 2 ft. 
below low water to 2 ft. above high water, or from a plane below to a 
plane above wave action, shall be protected by creosoted timber, 
dense vitrified shale brick, or stone of suitable quality, as designated 
on the plans or as required by the Engineer. 


D. Concrete in Alkali Soils or Waters. 


85. Concrete in alkali waters or below ground-line of alkali soils 
shall contain a minimum of 1# bbl. (7 bags) of portland cement per 
cubic yard in place.? 

86. The consistency of concrete in alkali soils or waters shall be 
such as to meet the requirements of Section 30. 

87. Concrete shall be placed in such a manner as to minimize the 
number of horizontal or inclined seams, or work planes. 


1 Under certain circumstances concrete is attacked by alkaline waters. The term “‘alkali’’ is here 
used to designate the soluble salts which occur in considerable quantities in the soils and waters of 
certain Western States; the sulfates, chlorides, and carbonates of sodium and magnesium are the most 
common forms of alkali. 

It is important to distinguish between the different forms of alkali which occurin nature. Experi- 
ence and tests have shown that certain forms are more injurious than others; the chlorides and car- 
bonates produce little or no injury to concrete. 

Special care must be used in placing concrete where it will be exposed to sulfate waters. An 
impermeable concrete made with a durable aggregate is necessary. Concrete should be permitted 
so harden under favorable conditions before it is exposed to injurious alkalies, and wherever practicable 
such concrete should be made in the form of precast units. 

2 Where the foundations of important buildings or similar structures are subject to high concen- 
trations of alkalies, under-drainage may be used as an added precaution. 
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88. Metal reinforcement or other corrodible metal shall not be 
placed closer than 2 in. to the surface of members exposed to alkali 
soils or waters. In foundations and in heavy structures the metal 
reinforcement shall not be placed closer than 3 in. to the surface. 


CHAPTER X. SURFACE FINISH! 


89. The requirements in these specifications applying to forms, 
and to mixing, conveying, depositing and finishing concrete, shall be 
followed unless modified by the plans. 

The whole of a showing face between prescribed construction 
joints shall be cast in one continuous operation. Construction joints, 
when not shown on the plans, shall be made as directed by the Engi- 
neer, and shall be true to line with sharp unbroken edges. 

The same brand of cement, and the same kind and size of aggre- 
gate, shall be used throughout the whole of any showing face. 

For showing faces the forms shall be smooth and watertight. If 
wood be used, the boards shall be planed, grooved and tongued, 
evenly matched and tightly placed. They shall be so constructed as 
to be removable in sections by unscrewing or otherwise loosening 
them without hammering or prying against the face. Any offsets in 
the forms that may occur shall be smoothly dressed and any openings 
pointed flush with stiff clay or plaster of Paris in order to prevent 
leakage or the formation of fins. 

Concrete that is to have a showing face, whether any particular 
finish is called for or not, shall be mixed, placed and worked as may 
be necessary to secure at the face a uniform distribution of the aggre- 
gates, freedom from void spaces, and uniform texture. If the finish 
is required to be one that will expose the coarse aggregate, by either 
scrubbing, tooling, sand-blasting, or acid treatment, then after the full 
surface of mortar has been worked against the form, the spading tool 
shall be inserted in the concrete and the coarse aggregate be pressed 
against the form in order to secure uniform distribution at the face 
and a uniform texture after the aggregate is exposed. 

Face forms shall be removed as soon as practicable in order to 
- facilitate effective repair of void spaces or broken corners, before the 
surface has dried. Care shall be taken to avoid roughening or injuring 
corners, and to keep edges sharp. 

As soon as the face forms are removed any fins or other projec- 
tions shall be carefully removed, and offsets leveled, and any voids or 


1 The Engineer must indicate on the plans the type of finish desired and must strike out the 
sections which do not apply. 
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damaged places shall immediately be saturated with water and filled 
with a mixture of the same composition as that used in the surface, 
and brought even with the surface by means of a wooden spatula or 
float. A steel trowel shall not be used to finish the surface. The face 
shall be finished free from streaks, discolorations or other imperfec- 
tions. Plastering will not be permitted. 

Where a surface of mortar is to be the basis of the finish the coarse 
aggregate shall be worked back from the form with a suitable tool, so 
as to bring a full surface of mortar against the form, care being taken 
to prevent the formation of voids and air pockets. 

Whenever forms are removed from showing faces before the con- 
crete has become hard and dry, the surface of the concrete shall be 
immediately wetted and kept wet for at least three days. 

90. Granolithic surfaces shall be made by placing about 1 in. of 
facing concrete against the face form in advance of the concrete, of 
such consistency and in such a manner as will insure its bonding with 
the concrete. 

The facing concrete shall be composed of 1 part portland cement, 
14 parts fine aggregate, and 23 parts coarse aggregate made up of 
pebbles, crushed granite, or other stone as called for. 

If iron or wooden molds are used to retain the facing against the 
forms while placing concrete, care should be taken that the mold is 
not permitted to remain until initial setting occurs. The molds shall 
be jarred frequently and raised at short intervals to prevent formation 
of seams and air spaces between the surface and the concrete. 

91. Top surfaces not subject to wear shall be smoothed with a 
wood float and be kept wet for at least seven days. Care shall be 
taken to avoid an excess of water in the concrete, and to drain or 
otherwise promptly remove any water that comes to the surface. Dry 
cement, or a dry mixture of cement and sand, shall not be sprinkled 
directly on the surface. 


A. Wearing Surfaces. 


92. Aggregates for the wearing surface shall have a high resistance 
to abrasion, and shall be screened and when necessary thoroughly 
washed. The least quantity of mixing water that will produce a 
dense concrete shall be used. The mix shall not be leaner than 1 
part of Portland cement and 23 parts of aggregate. The surface shall 
be screeded even and finished with a wood float. Excess water shall 
be promptly drained or otherwise removed. Overtroweling shall be 
avoided. 
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93. The wearing surface in two-course work shall be placed Two-Course 
within 3 hour after the base course. Where the wearing surface is Wor 
required to be applied to a hardened base course, the latter shall be 
prepared by roughening with a pick or other effective tool. The 
roughened surface shall be thoroughly saturated with water and cov- 
ered with a thin layer of neat cement paste immediately before the 
wearing surface is placed. The wearing course shall not be thinner 
than 1 in. 

94. Concrete wearing surfaces made in accordance with Sections Curing: 
92 and 93, shall be kept wet! for at least 10 days in the case of floors 
and 21 days in the case of roads and pavements. 

95.* Terrazzo finish shall be made by mixing 1 part of cement, Terrazzo 
23 parts of crushed marble, or other stone or crushed pebbles, as may Fisish. 
be called for by the plans, and sufficient water to produce a dense 
concrete. The concrete shall be spread on the base course and worked 
down to a thickness of 1 in. by patting or rolling and troweling. The 
marble shall all pass a 3-in. screen and be free from dust. The surface 
shall be kept wet for not less than ten days, and after curing shall be 
rubbed to a plane surface with a stone or a surfacing machine. Hard- 
ened concrete to which a terrazzo finish is to be applied shall be pre- 
pared as prescribed in Section 93. 

95.? Terrazzo finish shall be made by mixing 1 part of cement, Terrazzo 
2 parts of sand and sufficient water to produce a plastic mortar, which Fi™!$4- 
shall be spread on the base course to a depth of 1 in. Crushed marble, 
free from dust and passing a j-in. screen, shall be sprinkled over the 
surface of the fresh mortar and pressed or rolled in. The surface shall 
be kept wet for not less than ten days and after curing shall be rubbed 
to a plane surface with a stone or a surfacing machine. Hardened 
concrete to which a terrazzo finish is to be applied shall be prepared 
as prescribed in Section 93. 


B. Decorative Finishes. 


96. Immediately after the forms are removed, the surface shall Rubbed 
be wetted and rubbed with a carborundum brick or other abrasive F's" 
‘until even and smooth and of uniform appearance, without applying 
any cement or other coating. 


1 Prevention of premature drying during the early hardening of concrete is essential to the develop- 
ment of high resistance to abrasion. The surface may be covered with a layer of burlap, earth or 
sand, kept wet, or it may be divided into small areas by dikes and flooded with water to a depth of 


2 or 3 in, ‘ 
2 The Engineer must strike out one of the Sections 95. 
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97. The forms shall be removed and the scrubbing done before 
the concrete has hardened.! The surface shall be scrubbed with 
fiber or wire brushes using water freely, until the surface film of mortar 
is removed and the aggregate uniformly exposed; then rinsed with 
clean water. If portions of the surface have become too hard to scrub 
in equal relief, dilute hydrochloric acid (1 part acid to 4 parts water) 
may be used to facilitate the scrubbing. The remaining acid shall be 
thoroughly removed with clean water. 

98. The concrete face shall be permitted to attain an intermediate 
degree of hardness; it shall then be air-blasted with hard sand until 
the aggregate is in uniform relief. 

99. The surface shall be permitted to become dry and hard, and 
then dressed with tools, as called for,? to a uniform texture and even 
face. 

100. The forms shall be removed before the surface has fully 
hardened; the surface shall be rubbed with a wooden float by a 
uniform circular motion, fine sand being rubbed into the surface until 
the resulting finish is even and uniform. 

101. Colored or other special aggregate used for finish shall be 
exposed by scrubbing as provided in Section 97. Facing mortar, made 
from this special aggregate, of 1 part of cement, 13 parts of sand, and 
3 parts of pebbles or screenings, clean and free from dust, shall be 
placed against the face forms to a thickness of about 1 in., sufficiently 
in advance of the concrete to prevent the latter coming in contact 
with the form. 

102. Mineral pigment shall be thoroughly mixed dry with the 
cement and fine aggregate; care shall be taken to secure a uniform 
tint throughout. 


CHAPTER XI. DESIGN. 
A. General Assumptions. 


103. The design of reinforced concrete members under these 
specifications shall be based on the following assumptions: 

(a) Calculations are made with reference to working stresses and 
safe loads rather than with reference to ultimate strength and ultimate 
loads. 

(6) A plane section before bending remains plane after bending, 
shearing distortions being neglected. 

(c) The modulus of elasticity of concrete in compression is con- 


1In warm weather this will require from 6 to 24 hours, and in cold weather from 1 to 3 days. 
2 By axing, rough or fine pointing, or bush-hammering. 


366 


ON SPECIFICATIONS FOR CONCRETE 39 


stant within the limits of working stresses and the distribution of 
compressive stress in beams is rectilinear. 

(d) The moduli of elasticity of concrete in computations for the 
position of the neutral axis, for the resisting moment of beams, and 
for compression of concrete in columns, are as follows: 


(1) 5 that of steel, when the compressive strength of the 
concrete at 28 days exceeds 1500 and does not exceed 
2200 lb. per sq. in.; 

(2) + that of steel, when the compressive strength of the 
concrete at 28 days exceeds 2200 and does not exceed 
2900 lb. per sq. in.; 

(3) 5 that of steel, when the compressive strength of the 
concrete at 28 days is greater than 2900 Ib. per sq. in. 


(e) In calculating the moment of resistance of reinforced concrete 
beams and slabs the tensile resistance of the concrete is neglected. 

(f) The bond between the concrete and the metal reinforce- 
ment remains unbroken throughout the range of working stresses. 
Under compression the two materials are therefore stressed in pro- 
portion of their moduli of elasticity. 

(g) Initial stress in the reinforcement due to contraction or 
expansion of the concrete is neglected, except in the design of rein- 
forced concrete columns.! 


B. Flexure of Rectangular Reinforced Concrete Beams and Slabs. 


104. Computations of flexure in rectangular reinforced concrete 
beams and slabs shall be based on the following formulas: 


(a) Reinforced for Tension Only. 
Position of neutral axis, 


k=~/2pn+(pn)?— pn oO ON riod Wind do 80.8 (1) 
Arm? of resisting couple, 
; k 
seb ti= sa te airtel at ean de 2 
I eide 5 (2) 
Compressive unit stress” in extreme fiber of concrete, 
2 2P} 5 
ee Pee te (3) 
jro@ k 


1 Formula 43 for the permissible compressive stress in reinforced concrete columns takes into 
account the effect of shrinkage in the concrete on the stress in the longitudinal reinforcement. It is 
not required, however, that the designer consider shrinkage stresses in columns, except through the 


use of that formula. 
2 For f;= 16,000 to 18,000 1b. per sq. in. and f,=800 to 900 Ib. per sq. in., 7 may be assumed 
as 0.86. For values of pv varying from 0.04 to 0.24, jk is approximately equal to 0.67 V pn 
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Tensile unit stress! in gene reinforcement, 


M 
a ee hi ee ea (4) 
nee pibd 


Steel ratio for balanced reinforcement, 


1 

Lia ee ee eee (5) 
fy te + eee) 

fo\nfi 

For formulas on shear and bond, see Sections 121-127 and 135-137. 


(b) Reinforced for Both Tension and Compression. 
Position of neutral axis, 


eae 


k aN on( r+0"%) 4 p+ p')= — n(ptp’)......6.- (6) 


Position of resultant compression, 


4e'd-+2p'nd! (i 4) 


Z= g\ tt tren eee (7) 
e+2p'n(e—) 
d 
Arm! of resisting couple, 
Gd = itis, 3 etek oairee ya ee ae (8) 


Compressive unit stress in extreme fiber of concrete, 


re OM 7 Ventnders te aie eee (9) 


b| sew +28 "(4—2) (1 -*)| 
a ae d 


Tensile unit stress in eta peo a 


= 
: Pete rey RNP EE oh, SOIT 10) 
js abe = nfo 
Compressive unit stress in longitudinal reinforcement, 
/ 
pee 
d 


fis = Whe Tr eee (11) 


1 For f,=16,000 to 18,000 Ib. per sq. in. and f,=800 to 900 Ib. per sq. in., j may be assumed as 
0.86. For values of pn varying from 0.04 to 0.24, jk is approximately equal to 0.67 pn. 
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105. The symbols! used in Formulas 1 to 23 are defined as follows: 

A, = effective cross-sectional area of metal reinforcement in ten- 
sion in beams; 

6 = width of rectangular beam or width of flange of T-beam; 

d = depth from compression surface of beam or slab to center 


of longitudinal tension reinforcement; 
d’ = depth from compression surface of beam or slab to center 
of compression reinforcement; 


f, = compressive unit stress in extreme fiber of concrete; 
f; = tensile unit stress in longitudinal reinforcement; 
’, = compressive unit stress in longitudinal reinforcement; 
hk = unsupported length of column; 
I =moment of inertia of a section about the neutral axis for 
bending; 


j = ratio of lever arm of resisting couple to depth d; 

k = ratio of depth of neutral axis to depth d; 

J =span length of beam or slab (generally distance from cen- 
ter to center of supports—see Section 106); 

M = bending moment or moment of resistance in general; 

n = E,/E, = ratio of modulus of elasticity of steel to that of 
concrete; 

p = ratio of effective area of tension reinforcement to effective 
area of concrete in beams = A,/bd; 

p’ =ratio of effective area of compression reinforcement to 

effective area of concrete in beams; 

w = uniformly distributed load per unit of length of beam or 
slab; 

z = depth from compression surface of beam or slab of result- 
ant of compressive stresses. 


106. The span length, /, of freely supported beams and slabs, 
shall be the distance between centers of the supports, but shall not 
exceed the clear span plus the depth of beam or slab. The span length 
for continuous or restrained beams built to act integrally with sup- 
ports shall be the clear distance between faces of supports. Where 
brackets having a width not less than the width of the beam and mak- 
ing an angle of 45 deg. or more with the horizontal axis of a restrained 
beam are built to act integrally with the beam and support, the span 
shall be measured from the section where the combined depth of the 
beam and bracket is at least one-third more than the depth of the 
beam, but no portion of such a bracket shall be considered as adding 


\For illustration of notation as applied to typical beams or slabs, see Figs. 1 and 2. 
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to the effective depth of the beam. Maximum negative moments are 

to be considered as existing at the ends of the span, as defined above. 
Slightly 107. Beams and slabs of equal spans built to act integrally with 
ate beams, girders, or other slightly restraining supports and carrying 
Equal Span. uniformly distributed loads shall be designed for the following moments 

at critical sections: 

(2) Beams and slabs of one span, 
Maximum positive moment near center, 


(b) Beams and slabs continuous for two spans only, 
(1) Maximum positive moment near center, 


wi 
Se SS NT ie SEE. hs Late ne eons 13 
10 (13) 
(2) Negative moment over interior support, 
wh? 
M Spee (14) 


(c) Beams and slabs continuous for more than two spans, 
(1) Maximum positive moment near center and negative 
moment at support of interior spans, 


(2) Maximum positive moment near centers of end spans and 
negative moment at first interior support, 


(d) Negative moment at end supports for cases (a), (b), (c) of 
this section, 


Woe not les than eee (16a) 
16 


Beame Built 108. Beams and slabs built into brick or masonry walls in a 


Into Brick or manner which develops partial end restraint shall be designed for a 


Walls. negative moment at the support of 


M =not less than De eee oes (17) 
16 
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109. Beams and slabs of equal spans freely supported and assumed 
to carry uniformly distributed loads shall be designed for the moments 
specified in Section 107, except that no reinforcement for negative 
moment need be provided at end supports where effective measures 
are taken to prevent end restraint. The span shall be taken as defined 
in Section 106 for freely supported beams. 

110. Beams and slabs of equal span built to act integrally with 
columns, walls, or other restraining supports and assumed to carry 
uniformly distributed loads, shall (except as provided in Section 107) 
be designed for the following moments at critical sections: 


(a) Interior spans, 
(1) Negative moment at interior supports except the first, 


(6) End spans of continuous beams and beams of one span in 
which J/Z is less than twice the sum of the values of I/h 
for the exterior columns above and below which are built 
into the beams: 

(1) Maximum positive moment near center of span and nega- 
tive moment at first interior supports, 


(c) End spans of continuous beams, and beams of one span, in 
which J/2 is equal to or greater than twice the sum of the 
values of J/h for the exterior column above and below 
which are built into the beams: 

(1) Maximum positive moment near center of span and nega- 
tive moment at first interior support, 


Freely 
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(2) Negative moment at exterior support, 


wi? 
Sh Sas el. aletald eaters ie etn 23 
ie (23) 
Continuous 111. Continuous beams with unequal spans, or with other than 


Beams of uniformly distributed loading, whether freely-supported or restrained, 
Unequal 5 one 
Spans or with shall be designed for the actual moments under the conditions of load- 
Non-uniform ing and restraint. 
Loading. = : 
Provision shall be made where necessary for negative moment 
near the center of short spans which are adjacent to long spans, and 


for the negative moment at the end supports, if restrained. 


Unsupported 112. The distance between lateral supports of the compression 
foes, area of a beam shall not exceed 24 times the least width of compression 
en . 
flange. 


C. Flexure of Reinforced Concrete T-Beams. 


Flexure 113. Computations of flexure in reinforced concrete T-beams shall 
Formulas. be based on the following formulas: 


(a) Neutral Axis in the Flange. 
Use formulas for rectangular beams and slabs in Section 104. 


(b) Neutral Axis below the Flange. 
Position of neutral axis, 


2ndA ,+b?? 
SS at tees makati eaa eae mae 2 
2nA,+2bt (24) 
Position of resultant compression, 
S ard 21) t 
= ( ee) eae (25) 
Arm of resisting couple, 
j0 =d=8. eae ee (26) 
Compressive unit stress in extreme fiber of concrete, 
ey Mkd habs & ( k ) 
4: aaa” aap) Seeman es (27) 
Tensile unit stress in longitudinal reinforcement, 
M 
f Vr (28) 
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Formulas 24, 25, 26,27 and 28 neglect compression in the stem.! 

114. The symbols? used in Formulas 24 to 28 are defined in 
Section 105, except as follows: 

b’ 

t 


width of stem of T-beam; 
thickness of flange of T-beam. 


Il 


115. Effective and adequate bond and shear resistance shall be 
provided in beam-and-siab construction at the junction of the beam 
and slab; the slab shall be built and considered an integral part of 
the beam; the effective flange width to be used in the design of 
symmetrical T-beams shall not exceed one-fourth of the span length 
of the beam, and its overhanging width on either side of the web shall 
not exceed eight times the thickness of the slab nor one-half the clear 
distance to the next beam. 

For beams having a flange on one side only, the effective flange 
width to be used in design shall not exceed one-tenth of the span length 
of the beam, and its overhanging width from the face of the web shall 
not exceed six times the thickness of the slab nor one-half the clear 
distance to the next beam. 

116. Where the principal slab reinforcement is parallel to the 
beam, transverse reinforcement, not less in amount than 0.3 per cent 
of the sectional area of the slab, shall be provided in the top of the 
slab and shall extend across the beam and into the slab not less than 
two-thirds of the width of the effective flange overhang. ‘The spacing 
of the bars shall not exceed 18 in. 

117. Provision shall be made for the compressive stress at the 
support in continuous T-beam construction. 

118. The flange of the beam shall not be considered as effective 
in computing the shear and diagonal tension resistance of T-beams. 


1 The following formulas take into account the compression in the stem; they are recommended 
where the flange is small compared with the stem; 
Position of neutral axis, 
kd= | Og De A ean 6 al an 0 ant alll ine eg (242) 
b’ b’ b/ 
Position of resultant compression, 
_ (kd? —4t8)b +1 (kd 1) 2(¢ +4 (kd —1)) | bY 
it 1(2kd —t)b + (kd —1)20" 
Arm of resisting couple (see footnote Section 106), 
ima ar asa dO GON COON SOU DaOnOe DUUNDOOU EDT (26a) 
Compressive unit stress in extreme fiber of concrete, 
2Mkd 
I= (kd —bt + (kd) 15d 
Tensile unit stress in longitudinal reinforcement, 


M 
1,= A, id Per eoraneliteiny siete acoieieio se ataiasdiaielh nies m\si6,0761 0's (28a) 


2 For illustration of certain symbols as applied to typical T-beams, see Fig. 3, Appendix 1. 
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Isolated 119. Isolated beams in which the T-form is used only for the 
penne purpose of providing additional compression area, shall have a flange 
thickness not less than one-half the width of the web and a total 
flange width not more than 4 times the web thickness. 
D. Diagonal Tension and Shear. 
Notation. 120. The symbols used in Formulas 29 to 35 are defined in Sec- 


tion 105, except as follows: 


A, 


2 "YR 


I 


Il 


total area of web reinforcement in tension within a distance 
S, that is 51, 52, 53,....S,, or the total area of all bars bent 
up in any one plane; 

angle between web bars and longitudinal bars; 

total tension in a bar; 

ultimate compressive strength of concrete at age of 28 days, 
based on tests of 6 by 12-in. or 8 by 16-in. cylinders made 
and tested in accordance with the Standard Methods of 
Making and Storing Specimens of Concrete in the Field 
(Appendix 13) and the Tentative Methods of Making 
Compression Tests of Concrete (Appendix 12); 


= tensile unit stress in web reinforcement; 


ratio of the average to the maximum bond stress computed 
by Formula 34 within the distance y; 


= sum of perimeters of bars in one set; 


ratio of cross-sectional area of negative reinforcement which 
crosses entirely over the column capital of a flat slab or 
over the dropped panel, to the total cross-sectional area 
of the negative reinforcement in the two column strips; 

spacing of web bars or stirrups measured at the plane of the 
lower reinforcement and in the direction of the longitu- 
dinal axis of the beam; 

thickness of flat slab without dropped panels or thickness 
of a dropped panel (see Appendix 1, Fig. 14); 

thickness of flat slab with dropped panels at points away 
from the dropped panel (see Appendix 1, Fig. 14); 

bond stress per unit of area of surface of bar; 

shearing unit stress; 

total shear; 

length of bar added for anchorage, including the hook, if 
any; 


y = distance from the point at which tension is computed to 


the point of beginning of anchorage. 
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121. The shearing unit-stress, v, in reinforced concrete beams Formula for 
shall be taken as not less than that computed by Formula 29.! Sheet 


122. For purpose of design of beams carrying uniform loads, not Variation of 
less than one-fourth of the total shearing resistance required at either oe any 7 
end of span shall be provided at the section where the computed Unirores % 
shearing stress is zero; from that section to the ends of span the re- Tos 
quired shearing resistance shall be assumed to vary uniformly. 

123. The shearing unit stress shall be computed on the minimum Width of 


width of rectangular beams and on the minimum thickness of the web 2°2™5i" 


- : Shear Com- 
in beams of I or T-section. putations. 
124, The width of the effective section for shear as governing Shear in 


diagonal tension shall be assumed as the thickness of the concrete #¢27™%20* 


web plus one-half the thickness of the vertical webs of the concrete struction. 
or clay tile in contact with the beam. (For typical design see Appen- 
dix 1, Fig. 13.) 


125. Web reinforcement may consist of: Types and 
(a) Vertical stirrups or web reinforcing bars; Web Roi. 


(6) Inclined stirrups or web reinforcing bars forming an angle of forcement. 
30 deg. or more with the longitudinal bars; 

(c) Longitudinal bars bent up at an angle of 15 deg. or more 

with the direction of the longitudinal bars. 

Stirrups or bent-up bars which are not anchored at both ends, 
according to the provisions of Section 141, shall not be considered 
effective as web reinforcement. When the shearing stress is not 
greater than 0.06 f’., the distance s measured in the direction of the 
axis of the beam between two successive stirrups, or between two 
successive points of bending up of bars, or from the point of bending 
up of a bar to the edge of the support, shall not be greater than 


45d 
a+ 10 


a8 es eae (30) 


where the angle a is in degrees. 
When the shearing stress is greater than 0.06f’., the distance s 
shall not be greater than two-thirds of the values given by Formula, 30. 


126. See Section 141. Anchorage of 
3 Web Rein- 


forcement. 


1 For I or T-beams 6 is the width of the stem as given in Section 123. 
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127. The shearing unit stress computed by Formula 29 in beams 
in which the longitudinal reinforcement is without special anchorage 
shall not exceed the values given by Formulas 31 and 32 and in no 
case shall it exceed 0.06f’.. 

When a is between 45 and 90 deg., 


v = 0.02f7, += Judie 52 Cerna ee (31) 
bs sin a 


When a is less than 45 deg., 
v = 0.02f’. + ifs (sinax-+ C08 ia)s. cs ta ee (32) 
5 


128. The shearing unit stress computed by Formula 29 in beams 
in which longitudinal reinforcement is anchored by means of hooked 
ends or otherwise, as specified in Section 140, shall not exceed the 
value given by Formulas 31 and 32, when 0.03f’, is substituted for 
0.02f’. in those formulas; in no case shall the shearing unit stress 
exceed 0.12f”.. 

129. Where the web reinforcement consists of bars bent up at 
a single point, the point of bending shall be at a distance s from the 
edge of the support, not greater than that given in Section 125 and 


is 


the value of the quantity (sin a + cos a) used in the design 


shall not exceed 75 lb. per ae in. (See Appendix 1, Fig. 10.) 

130. Where two or more types of web reinforcement are used in 
conjunction, the total shearing resistance of the beam shall be assumed 
as the sum of the shearing resistances computed for the various types 
separately. In such computations the shearing resistance of the con- 
crete (the term 0.02f’, or 0.03f’, in Formulas 31 and 32) shall be 
included only once. In no case shall the maximum shearing stresses 
be greater than the limiting values given in Sections 127 and 128. 

131.. The shearing unit stress in flat slabs shall not exceed the 
value of v as given by Formula 33, 


v= 0.027, (1-1-7) eee cee (33) 


and shall not in any case exceed 0.03f".. 

The shearing unit stress shall be computed on: 

(a) A vertical section which has a depth in inches of 3 (4,—13) 
and which lies at a distance in inches of #,— 14 from the basa of the 
column capital; and 

(b) A vertical section which has a depth in inches of $ (—14) 
and which lies at a distance in inches of h—13 from the edge of the 
dropped panel. 376 
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In no case shall 7 be less than 0.25. Where the shearing stress 
computed as in (a) is being considered, 7 shall be assumed as the pro- 
portional amount of the negative reinforcement, within the column 
strip, crossing the column capital. Where the shearing stress com- 
puted as in (0) is being considered, 7 shall be assumed as the propor- 
tional amount of the negative reinforcement, within the column 
strip, crossing entirely over the dropped panel. (For typical flat 
slab and designation of principal design sections sce Appendix 1, 
Figs. 14 and 15.) 

132. The shearing stress shall be taken as not less than that 
computed by Formula 29. The stress on the critical section, shall 
not exceed 0.02/’, for footings with straight reinforcement bars, nor 
0.03f’. for footings in which the reinforcement bars are anchored at 
- both ends by adequate hooks or otherwise as specified in Section 140. 

133. The critical section for diagonal tension in footings on soil 
shall be computed on a vertical section through the perimeter of the 
lower base of a frustum of a cone or pyramid which has a base angle 
of 45 deg., and which has for its top the base of the column or pedestal 
and for its lower base the plane at the centroid of longitudinal rein- 
forcement. 

134. The critical section for diagonal tension in footings on piles 
shall be computed on a vertical section at the inner edge of the first 
row of piles entirely outside a section midway between the face of 
the column or pedestal and the section described in Section 133 for 
soil footings, but in no case outside of the section described in Section 
133. The critical section for piles not arranged in rows shall be taken 
midway between the face of the column and the perimeter of the base 
of the frustum described in Section 133. 


E. Bond and Anchorage. 


135. Where bar reinforcement is used to resist tensile stresses 
developed by beam action, the bond stress shall be taken as not less 
than that computed by Formula 34, 


For continuous or restrained members, the critical section for 
bond for the positive reinforcement shall be assumed to be at the point 
of inflection; that for the negative reinforcement shall be assumed to 
be at the face of the support, and at the point of inflection. For 


1In special cases, where supported by satisfactory engineering analysis, diagonal tension rein- 
forcement may be used and increased shearing stresses allowed in accordance with Sections 127 to 130. 
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simple beams or freely supported end spans of continuous beams, 
the critical section for bond shall be assumed to be at the face of the 
support. 

Bent-up longitudinal bars which, at the critical section, are 


within a distance - from horizontal reinforcement under consideration, 


may be included with the straight bars in computing a. 

In footings only the bars specified in Section 177 as effective in 
resisting bending moment shall be considered as resisting bond stresses. 
Special investigation shall be made of bond stresses in footings with 
stepped or sloping upper surface, as maximum bond stresses may 
occur at the vertical plane of the steps or near the edges of the 
footing. 

136. In beams where the ordinary anchorage described in Sec- 
tion 139 is provided, the bond stress computed by Formula 34 at any 
section shall not exceed the following values: 


For'plain' bates 20 229% PRE DOT SA aie AAT Seine eee u = 0.04", 
For deformed bars meeting the requirements of Sec- 
tiori23 2. Ye a edn tt =0.05f7 


137. In beams where special anchorage of the bars is provided 
as specified in Section 140, bond stresses exceeding those specified in 
Section 136 may be used, provided the total tensile stress at a point 
of abrupt change in stress or at the point of maximum stress, does 
not exceed the value of F given by Formula 35, 


F =:Qu Soya rorndha cornet ae: (35) 


where F = total tension in the bar; 
Xo = the perimeter of the bar under consideration; 
Q = ratio of the average to the maximum bond stress com- 
puted by Formula 34 within the distance y. 
permissible bond stress = 0.04f’, for plain and 0.05f’, for 
deformed bars meeting the requirements of Section 23; 
x = the length of bar added for anchorage, including the hook, 
if any; 
distance from the point at which the tension is computed 
to the point of beginning of anchorage. 


I 


Uu 


lI 


bd 


The length of bar added for anchorage may be either straight or 
bent. The radius of bend shall not be less than four bar diameters. 
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138. The permissible bond stress for footings and similar members 
in which reinforcement is placed in more than one direction shall not 
exceed 75 per cent of the values in Sections 136 and 137. 

139. In continuous, restrained or cantilever beams, anchorage of 
the tensile negative reinforcement beyond the face of the support shall 
provide for the full maximum tension with bond stresses not greater 
than those specified in Section 136. Such anchorage shall provide a 
length of bar not less than the depth of the beam. In the case of end 
supports which have a width less than three-fourths of the depth of 
the beam, the bars shall be bent down toward the support a distance 
not less than the effective depth of the beam. The portion of the 
bar so bent down shall be as near to the end of the beam as protective 
covering permits. (See Fig. 9.) In continuous or restrained beams, 
negative reinforcement shall be carried to or beyond the point of 
inflection. Not less than one-fourth of the area of the positive rein- 
forcement shall extend into the support to provide an embedment of 
ten or more bar diameters. 

In simple beams or freely supported end spans of continuous 
beams at least one-fourth of the area of the tensile reinforcement shall 
extend along the tension side of the beam and beyond the face of the 
support to provide an embedment of ten or more bar diameters. 

140. Where increased shearing stresses are used as provided in 
Sections 128 and 132 or increased bond stresses as provided in Section 
137, special anchorage of all reinforcement in addition to that required 
in Section 139 shall be provided as follows: 

(a) In continuous and restrained beams, anchorage beyond points 
of inflection of one-third the area of the negative reinforcement and 
beyond the face of the support of one-third the area of the positive 
reinforcement, shall be provided to develop one-third of the maximum 
working stress in tension, with bond stresses not greater than those 
specified in Section 136. 

(b) At the edges of footings, anchorage for all the bars for one- 
third the maximum working stress in tension shall be provided within 
a region where the tension in the concrete, computed as an unrein- 
forced beam, does not exceed 40 Ib. per sq. in. 

| (c) In simple beams or freely supported end spans of continuous 
beams, at least one-half of the tensile reinforcement shall extend along 
the tension side of the beam to provide an anchorage beyond the face 
of the support for one-third of the maximum working stress in tension. 

141. Web bars shall be anchored at both ends by: 

(a) providing continuity with the longitudinal reinforcement; or 

(b) bending around the longitudinal bar; or 
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(c) a semi-circular hook which has a radius not less than four 
- times the diameter of the web bar. 

Stirrup anchorage shall be so provided in the compression and 
tension regions of a beam as to permit the development of safe working 
tensile stress in the stirrup at a point 0.3d from either face.! 

The end anchorage of a web member not in bearing on the longi- 
tudinal reinforcement shall be such as to engage an amount of concrete 
sufficient to prevent the bar from pulling out. In all cases the stirrups 
shall be carried as close to the upper and lower surfaces as fireproofing 
requirements permit. (For typical designs see Appendix 1, Figs. 8 
and 12.) 

F, Flat Slabs. 


(Two-Way and Four-Way Systems with Rectangular Panels.) 

142. The moment coefficients, moment distribution and slab 
thicknesses specified herein are for slabs which have three or more 
rows of panels in each direction, and in which the panels are approx- 
imately uniform in size. Slabs with paneled ceiling or with depressed 
paneling in the floor shall be considered as coming under the require- 
ments herein given. The symbols used in Formulas 36 to 41 are 
defined in Section 105 except as indicated in Sections 142, 145 and 155. 

In flat slabs in which the ratio of reinforcement for negative 
moment in the column strip is not greater than 0.01, the numerical 
sum of the positive and negative moments in the direction of either 
side of the panel for which tension reinforcement must be provided, 
shall be assumed as not less than that given by Formula 36, 


26i.\4 
M,=0.09 WI (1 SLD eS £22636) 
31 
where M, = sum of positive and negative bending moments? in either 
rectangular direction at the principal design sections 
of a panel of a flat slab; 
¢ = base diameter of the largest right circular cone, which 
lies entirely within the column (including the capital) 
whose vertex angle is 90 deg. and whose base is 14 in. 
below the bottom of the slab or the bottom of the 
dropped panel (sée Fig. 14); 
1 Generally a properly-anchored stirrup whose diameter does not exceed a5 of the depth of the 
beam will meet these requirements. 
2 The sum of the positive and negative moments provided for by this equation is about 72 per 
cent of the moment found by rigid analysis based upon the principles of mechanics. Extensive tests 
and experience with existing structures have shown that the requirements here stated will give adequate 


strength. See ‘‘Statical Limitations upon the Steel Requirement in Reinforced Concrete Flat Slab 
Floors,”’ by John R. Nichols, Transactions, Am. Soc. Civil Engrs.,Vol. LX XVII (1914), and ‘‘ Moments 


and Stresses in Slabs," by Westergaard and Slater, Proceedings, Am, Concrete Inst., Vol. XVII (1921), 
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span length! of flat slab, center to center of columns in 
the rectangular direction in which moments are con- 
sidered; 

span length! of flat slab, center to center of columns per- 
pendicular to the rectangular direction in which mo- 
ments are considered; and 

total dead and live load uniformly distributed over a 
single panel area. 


h 


W 


TABLE VI.—MomeEnts TO BE USED IN DeEsIGN OF FLAT SLABS.2 


Flat Slabs without Flat Slabs with 
P Dropped Panels. Dropped Panels. 
Strip. 
Negative. Positive. Negative. Positive. 
SLABs wiTH 2-way REINFORCEMENT. 
Colunimistrip se seem ota thes Scheie ke ais Decadal 0.23 Mo 0.11 Mo 0.25 Mo 0.10 Mo 
oC olumnstring fe yaccbies sees cee as tote ns ees 0.46 Mo 0.22 Mo 0.50 Mo 0.20 Mo 
iddleistripptcscase nates te secre ane ane rook eae 0.16 Mo 0.16 Mo 0.15 Ma 0.15 Mo 
Stass witH 4-way REINFORCEMENT. 
Cobras striiyer ters cjjcis, a7: dais,s oie sini Saediece ceo Osea we 0.25 Mo 0.10 Mo 0.27 Mo 0.095 Mo 
Colum Strips inte se cle state dorsi sis eorestaleneion ao aisisiace = 0.50 Mo 0.20 Mo 0.54 Mo 0.190 Mo 
Mid dletetrip vom vee soso rie ei icee aie sis ia soko tas Gia eelala,s 0.10 Mo 0.20 Mo 0.08 Mo 0.190 Mo 


143. In computing the critical moments in flat slabs subjected to 
uniform load the following principal design sections shall be used: 


(a) Section for Negative Moment in Middle Strip: The section 
beginning at a point on the edge of the panel /,/4 from the column 
center and extending in a rectangular direction a distance /,/2 toward 
the center of the adjacent column on the same panel edge. (See 
Fig. 15, Appendix 1.) 

(b) Section for Negative Moment in Column Strip: The section 
beginning at a point on the edge of the panel /,/4 from the center of 
a column and extending in a rectangular direction toward the column 
to a point c/2 therefrom and thence along a one-quarter circumference 
about the column center to the adjacent edge of the panel. 


1 The column strip and the middle strip to be used when considering moments in the direction of 
the dimension / are located and dimensioned as shown in Fig. 15. The dimension /; does not always 
represent the short length of the panel. When moments in the direction of the shorter panel length 
are considered, the dimensions / and h are to be interchanged and the strips corresponding to those 
shown in Fig. 15 but extending in the direction of the shorter panel length are to be considered. 

2 These are approximately the values which would be obtained by considering one-third of the 
total moment, Mo, as positive and two-thirds of it as negative moment. 
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(c) Section for Positive Moment in Middle Strip: The section of a 
length /,/2 extending in a rectangular direction across the center of 
the middle strip. 

(d) Section for Positive Moment in Column Strip: The section of 
length /,/4 extending in a rectangular direction across the center of 
the column strip. 

144. The moments in the principal design sections shall be those 
given in Table VI, except as follows: 

(2) The sum of the maximum negative moments in the two 
column strips may be greater or less than the values given in Table VI 
by not more than 0.03 Mo. 

(b) The maximum negative moment and the maximum positive 
moments in the middle strip and the sum of the maximum positive 
moments in the two column strips may each be greater or less than 
the values given in Table VI by not more than 0.01 Mo. 

145. The total thickness,’ t;, of the dropped panel in inches, or of 
the slab if a dropped panel is not used, shall be not less than: 


t; =0.038 (11445) ew {pl pb oP eee Gy 
1 


where R = ratio of negative moment in the two column strips to Mo; 


w’ = uniformly distributed dead and live load per unit of area 


of floor; and 
b, = dimension of the dropped panel in the direction parallel 
to lie 


For slabs with dropped panels the total thickness! in inches at 
points beyond the dropped panel shall be not less than 


ti = 0D 2H AG sn os, Se (38) 


The slab thickness ¢; or ¢ shall in no case be less than 1/32 for floor 
slabs, and not less than //40 for roof slabs. In determining minimum 
thickness by Formulas 37 and 38, the value of / shall be the panel 
length center to center of the columns, on long side of panel, /; shall 
be the panel length on the short side of the panel, and 4, shall be the 
width or diameter of dropped panel in the direction of /;, except that 
in a slab without dropped panel 0, shall be 0.5 J,. 


1 The thickness will be in inches regardless of whether J and w’ are in feet and pounds per square 
foot or in inches and pounds per square inch. 

3 The values of R used in this formula are the coefficients of Mo for negative moment in two 
column strips in Table VI. 
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146. The dropped panel shall have a length or diameter in each 
rectangular direction of not less than one-third the panel length in 
that direction, and a thickness not greater than 1.5 dp. 

147. In wall panels and other panels in which the slab is discon- 
tinuous at the edge of the panel, the maximum negative moment one 
panel length away from the discontinuous edge and the maximum 
positive moment between shall be increased as follows: 


(a) Column strip perpendicular to the wall or discontinuous edge, 
15 per cent greater than that given in Table VI; 


(6) Middle strip perpendicular to wall or discontinuous edge, 
30 per cent greater than that given in Table VI. 


In these strips the bars used for positive moments perpendicular 
to the discontinuous edge shall extend to the edge of the panel at 
which the slab is discontinuous. 

148. In panels having a marginal beam on one edge or on each 
of two adjacent edges, the beam shall be designed to carry at least the 
load superimposed directly upon it, exclusive of the panel load. A 
beam which has a depth greater than the thickness of the dropped 
panel into which it frames, shall be designed to carry, in addition to 
the load superimposed upon it, at least one-fourth of the distributed 
load for which the adjacent panel or panels are designed, and each 
column strip adjacent to and parallel with the beam shall be designed 
to resist a moment at least one-half as great as that specified in Table 
VI for a column strip. 

Each column strip adjacent to and parallel with a marginal beam 
which has a depth less than the thickness of the dropped panel into 
which it frames shall be designed to resist the moments specified in 
Table VI for a column strip. Marginal beams on opposite edges of a 
panel and the slab between them shall be designed for the entire load 
and the panels shall be designed as simple beams. 

149. The negative moments on sections at and parallel to the 
wall, or discontinuous edge of an interior panel, shall be determined 
by the conditions of restraint.? 

150. Where there is a beam or a bearing wall on the center line 
of columns in the interior portion of a continuous flat slab, the negative 
moment at the beam or wall line in the middle strip perpendicular to 
the beam or wall shall be taken as 30 per cent greater than the moment 
specified in Table VI for a middle strip. The column strip adjacent 

1In wall columns, brackets are sometimes substituted for capitals or other changes are made in 


the design of the capital. Attention is directed to the necessity for taking into account the change 


in the value of c in the moment formula for such cases. ae 
2 The committee is not prepared to make a more definite recommendation at this time. 
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to and lying on either side of the beam or wall shall be designed to 
resist a moment at least one-half of that specified in Table VI for 
a column strip. 

151. The point of inflection in any line parallel to a panel edge 
in interior panels of symmetrical slabs without dropped panels shall 
be assumed to be at a distance from the center of the span equal to 
three-tenths of the distance between the two sections of critical nega- 
tive moment at opposite ends of the line; for slabs having dropped 
panels, the coefficient shall be 0.25. 

152. The reinforcement bars which cross any section and which 
fulfill the requirements given in Section 153 may be considered as 
effective in resisting the moment at the section. The sectional area 
of a bar multiplied by the cosine of the angle between the direction 
of the axis of the bar and any other direction may be considered effec- 
tive as reinforcement in that direction. 

153. The design shall include adequate provision for securing the 
reinforcement in place so as to take not only the critical moments 
but the moments at intermediate sections. Provision shall be made 
for possible shifting of the point of inflection by carrying all bars in 
rectangular or diagonal directions, each side of a section of critical 
moment, either positive or negative, to points at least 20 diameters 
beyond the point of inflection as specified in Section 151. Lapped 
splices shall not be permitted at or near regions of maximum stress 
except as described above. At least four-tenths of all bars in each 
direction shall be of such length and shall be so placed as to provide 
reinforcement at two sections of critical negative moment and at the 
intermediate section of critical positive moment. Not less than one- 
third of the bars used for positive reinforcement in the column strip 
shall extend into the dropped panel not less than 20 diameters of the 
bar, or in case no dropped panel is used, shall extend to a point not 
less than one-eighth of the span length from the center line of the 
column or the support. 

154. See Section 72. 

155. The tensile stress f, in the reinforcement in flat slabs shall 
be taken as not less than that computed by Formula 39, 


where RM )=moment specified in Section 144 for two column strips or 
for one middle strip; and 
A,=effective cross-sectional area of the reinforcement which 
crosses any of the principal design sections and which 
meets the requirements of Section 153. 
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The stress so computed shall not at any of the principal design 
sections exceed the values specified in Section 194. 

156. The compressive stress in the concrete in flat slabs shall be 
taken as not less than that computed by Formulas 40 and 41, but the 
stress so computed shall not exceed 0.4f".. 

Compression due to negative moment, RM», in the two column 
strips, 


Compressive 
Stress in 
Concrete, 


f.= wee (1-128)... Se .. (40) 


0.67 len bid? 


where 0, is as specified in Section 145. 
Compression due to positive moment, RM), in the two column 
strips, or negative or positive moment in the middle strip, 
6 RM 
say IESE Sn «std eo (41) 


0.67 aon lia? 


In special cases where supported by satisfactory engineering 
analysis, approved by the Engineer, compression reinforcement may 
be used to increase the resistance to compression in accordance with 
other provisions of these specifications. 

157. See Section 131. 

158. For structures having a width of one or two panels, and 
also for slabs having panels of markedly different sizes, an analysis 
shall be made of the moments developed in both slab and columns, 
and the values given in Sections 142 to 157 modified accordingly. 

159. See Section 171. 


G. Reinforced Concrete Columns. 


160. The following sections on reinforced concrete columns are 
based on the assumption of a short column. Where the unsupported 
length is greater than 40 times the least radius of gyration (40 R), 
‘the safe load. shall be determined by Formula 47. Principal columns 
in buildings shall have a minimum diameter or thickness of 12 in. 
Posts that are not continuous from story to story ‘shall have a mini- 
mum diameter or thickness of 6 in. 

161. The unsupported length of reinforced concrete columns shall 


be taken as: 
(a) In flat slab construction the clear distance between the floor 


and under side of the capital; 
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(b) In beam-and-slab construction, the clear distance between 
the floor and the under side of the shallowest beam framing into the 
column at the next higher floor level; 

(c) In floor construction with beams in one direction only, the 
clear distance between floor slabs; 

(d) In columns supported laterally by struts or beams only, the 
clear distance between consecutive pairs (or groups) of struts or beams, 
provided that to be considered an adequate support, two such struts 
or beams shall meet the column at approximately the same level and 
the angle between the two planes formed by the axis of the column 
and the axis of each strut respectively is not less than 75 deg. nor 
more than 105 deg. 

When haunches are used at the junction of beams or struts with 
columns, the clear distance between supports may be considered as ~ 
reduced by two-thirds of the depth of the haunch. 

162. The safe axial load on columns reinforced with longitudinal 
bars and closely spaced spirals enclosing a circular core shall be not 
greater than that determined by Formula 42. 

The symbols used in Formulas 42 to 49 are defined in Section 
105, except as indicated in Sections 162, 165, 168, 170, 176 and 182. 


POS" AS fle Pan eae ee (42) 
where 
P = total safe axial load on column whose //R is less than 40; 
A = area of the concrete core enclosed within the spiral; the 
diameter of the core (or of the spiral) shall be taken as 
the distance center to center of the spiral wire; 
ratio of effective area of longitudinal reinforcement to area 
of the concrete core; 
A, = A (1—p) =net area of concrete core;’ and 
f, = permissible compressive stress in concrete = 


300°F (0:10 apy fe oe Oe ee (43) 


The longitudinal remforcement shall consist of at least six bars of 
minimum diameter of 4 in., and its effective cross-sectional area shall 
not be less than 1 per cent nor more than 6 per cent of that of the 
core. 

163. The spiral reinforcement shall be not less than one-fourth 
the volume of the longitudinal reinforcement. It shall consist of 
evenly spaced continuous spirals held firmly in place and true to line 
by at least three vertical spacer bars. The spacing of the spirals 
shall be not greater than one-sixth of the diameter of the core and in 
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no case more than 3 in. The spiral reinforcement shall meet the 
requirements of the Tentative Specifications for Cold-Drawn Steel 
Wire for Concrete Reinforcement. (Appendix 7.) 

164. Reinforcement shall be protected everywhere by a covering 
of concrete cast monolithic with the core, which shall have a mini- 
mum thickness of 13 in. in square columns and 2 in. in round or octag- 
onal columns. 

165. The safe axial load on columns reinforced with longitudinal 
bars and separate lateral ties shall be not greater than that determined 
by Formula 44, 


y Soa (2 Wa 7, BU Me (eR ee iol ec (44)° 


where A’, =net area of concrete in the column (total column area minus 
area of reinforcement); 
A, =effective cross-sectional area of longitudinal reinforcement; 
and 
fe =permissible compressive stress in concrete and shall not 
exceed:0.20/” ¢. 


The amount of longitudinal reinforcement considered in the calcula- 
tions shall be not more than 2 per cent nor less than 0.5 per cent of 
the total area of the column. The longitudinal reinforcement shall 
consist of not less than four bars of minimum diameter of $ in., placed 
with clear distance from the face of the column not less than 2 in. 

166. Lateral ties shall be not less than { in. in diameter, spaced 
not more than 8 in. apart. 

167. Reinforced concrete columns subject to bending stresses shall 
be treated as follows: 

(a) With Spiral Reinforcement.—The compressive unit stress on 
the concrete within the core area under combined axial load and 
bending shall not exceed by more than 20 per cent the value given for 
axial load by Formula 43. 

(b) With Lateral Ties.—Additional longitudinal reinforcement 
may be used if required and the compressive unit stress on the con- 
crete under combined axial load and bending may be increased to 
0.30 f’.. The total amount of reinforcement considered in the com- 
putations shall be not more than 4 per cent of the total area of the 
column. 

Tension in the longitudinal reinforcement due to bending of the 
column shall not exceed 16,000 lb. per sq. in. 

168. The safe load on composite columns in which a structural 
steel or cast-iron column is thoroughly encased in a circumferentially 
reinforced concrete core shall be based on a certain unit stress for 
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the steel or cast-iron core plus a unit stress of 0.25’, on the area 
“within the spiral core. 
The unit compressive stress on the steel section shall be not 
greater than that determined by Formula 45, 


f, 2180007702 / Rie leet eee (45) 


but shall not exceed 16,000 lb. per sq. in. 
The unit stress on the cast-iron section shall be not greater than 
that determined by Formula 46, 
f. = 12,000-60 W/ Re eee (46) 


but shall not exceed 10,000 Ib. per sq. in. 

In Formulas 45 and 46, 

f, = compressive unit stress in metal core, and 

R = least radius of gyration of the steel or cast-iron section. 

The diameter of the cast-iron section shall not exceed one-half 
of the diameter of the core within the spiral. The spiral reinforce- 
ment shall be not less than 0.5 per cent of the volume of the core 
within the spiral and shall conform in quality, spacing and other 
requirements to the provisions for spirals in Section 163. 

Ample section of concrete and continuity of reinforcement shall 
be provided at the junction with beams or girders. The area of the 
concrete between the spiral and the metal core shall be not less than 
that required to carry the total floor load of the story above on the 
basis of a stress in the concrete of 0.35 f’., unless special brackets are 
arranged on the metal core to receive directly the beam or slab load. 

169. The safe load on a structural steel column of a section which 
fully encases an area of concrete, and which is protected by an outside 
shell of concrete at least 3 in. thick, shall be computed in the same 
manner as for composite columns in Section 168, allowing 0.25 f’, 
on the area of the concrete enclosed by the steel section. The outside 
shell shall be reinforced by wire mesh, ties or spiral hoops weighing 
not less than 0.2 lb. per sq. ft. at the surface of the mesh and with a 
maximum spacing of 6 in. between strands or hoops. Special brackets 
shall be used to receive the entire floor load at each story. ‘The safe 
load in steel columns calculated by Formula 45 shall not exceed 16,000 
Ib. per sq. in. 

170. The permissible working load on the core in axially loaded 
columns which have a length greater than 40 times the least radius of 
gyration of the column core (40 R) shall be not greater than that 
determined by Formula 47, 
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where P’ = total safe axial load on long column; 
P = total safe axial load on column of the same section whose 
h/R is less than 40, determined as in Sections 162 and 
165; and 
R = least radius of gyration of column core. 


171. The bending moments in interior and exterior columns shall 
be determined on the basis of loading conditions and end restraint, 
and shall be provided for in the design. The recognized methods 
shall be followed in calculating the stresses due to combined axial 
load and bending. In spiral columns the area to be considered as 
resisting the stress is the area within the spiral. 


H. Footings. 


172. The requirements for tension, compression, shear and bond 
in Sections 103 and 141, inclusive, shall govern the design of footings, 
except as hereinafter provided. 

173. The load per unit of area on soil footings shall be computed 
by dividing the column load by the area of base of the footing. 

174. Footings on piles shall be treated in the same manner as 
footings on soil, except that the load shall be considered as concen- 
trated at the pile centers. 

175. Footings in which the thickness has been determined by the 
requirements for shear as specified in Sections 133 and 134 may be 
sloped or stepped between the critical section and the edge of the 
footing, provided that the shear on no section outside the critical 
section exceeds the value specified, and provided further that the 
thickness of the footing above the reinforcement at the edge shall 
not be less than 6 in. for footings on soil nor less than 12 in. for foot- 
ings on piles. Sloped or stepped footings shall be cast as a unit. 

176. The critical section for bending in a concrete footing which 
supports a concrete column or pedestal, shall be considered to be at 
the face of the column or pedestal. Where steel or cast-iron column 
bases are used, the moment in the footing shall be computed at the 
middle and at the edge of the base; the load shall be considered as 
uniformly distributed over the column or pedestal base. 

The bending moment at the critical section in a square footing 
supporting a concentric square column, shall be computed from the 
load on the trapezoid bounded by one face of the column, the corre- 
sponding outside edge of the footing, and the portions of the two 
diagonals. The load on the two corner triangles of this trapezoid 
shall be considered as applied at a distance from the face equal to 
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six-tenths of the projection of the footing from the face of the column. 
The load on the rectangular portion of the trapezoid shall be con- 
sidered as applied at its center of gravity. The bending moment is 
expressed by Formula 48, 


N= 7 (4412 eeinnn sates ee (48) 


where M = bending moment.at critical section of footing; 
a = width of face of column or pedestal; 
¢ = projection of footing from face of column; and 
w = upward reaction per unit of area of base of footing. 


For a round or octagonal column, the distance @ shall be taken 
as equal to the side of a square of an area equal to the area enclosed 
within the perimeter of the column. (For typical footing designs, 
see Appendix 1, Figs. 16 and 17.) 

177. The reinforcement in each direction in the footing shall be 
determined as for a reinforced concrete beam; the effective depth 
shall be the distance from the top of the footing to the plane of the 
reinforcement. The sectional area of reinforcement shall be dis- 
tributed uniformly across the footing unless the width is greater than 
the side of the column or pedestal plus twice the effective depth of 
the footing, in which case the width over which the reinforcement is 
spread may be increased to include one-half the remaining width of 
the footing. In order that no considerable area of the footing shall 
remain unreinforced, additional reinforcement shall be placed outside 
of the width specified, but such reinforcement shall not be considered 
as effective in resisting the calculated bending moment. For the 
extra reinforcement a spacing double that within the effective belt 
may be used. 

178. The extreme fiber stress in compression in the concrete shall 
be kept within the limits specified in Section 189. The extreme fiber 
stress in sloped or stepped footings shall be based on the exact shape 
of the section for a width not greater than that assumed effective for 
reinforcement. 

179. A rectangular or irregularly shaped footing shall be com- 
puted by dividing it into rectangles or trapezoids tributary to the 
sides of the column, using the distance to the center of gravity of the 
area as the moment arm of the upward forces. Outstanding portions 
of combined footings shall be treated in the same manner. Other 
portions of combined footings shall be designed as beams or slabs. 

180. See Sections 132 to 134. 
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181. See Sections 135 to 141. Bond Stress. 
182. The compressive stress in longitudinal reinforcement at the Transfer of 
base of a column shall be transferred to the pedestal or footing by Seca : 
either dowels or distributing bases. When dowels are used, there Column. 
shall be at least one for each column bar, and the total sectional area 
of the dowels shall be not less than the sectional area of the longitu- 
dinal reinforcement in the column. The dowels shall extend into the 
column and into the pedestal or footing not less than 50 diameters 
of the dowel bars for plain bars, or 40 diameters for deformed bars. 
When metal distributing bases are used, they shall have sufficient 
area and thickness to transmit safely the load from the longitudinal 
reinforcement in compression and bending. The permissible com- 
pressive unit stress on top of the pedestal or footing directly under 
the column shall be not greater than that determined by Formula 49, 


ae: 
£4= 025", v4 ae Heol gas ee Dat, (49) 


where 7, = permissible working stress over the loaded area; 


A = total area at the top of the pedestal or footing; 

A’= loaded area at the column base; 

f’c = ultimate compressive strength of concrete. (See Sec- 
tion 120.) 


In sloped or stepped footings A may be taken as the area of the 
top horizontal surface of the footing or as the area of the lower base 
of the largest frustum of a pyramid or cone contained wholly within 
the footing and having for its upper base the loaded area A’, and 
having side slopes of 1 vertical to 2 horizontal. 

183. The allowable compressive unit stress on the gross area of a Pedestals 
concentrically loaded pedestal or on the minimum area of a pedestal Without 
footing shall not exceed 0.25 f’., unless reinforcement is provided and ment. 
the member designed as a reinforced concrete column. 

The depth of a pedestal or pedestal footing shall be not greater 
than three times its least width and the projection on any side from 
the face of the supported member shall be not greater than one-half 
the depth. The depth of a pedestal whose sides are sloped or stepped 
shall not exceed three times the least width or diameter of the section 
midway between the top and bottom. A pedestal footing supported 
directly on piles shall have a mat of reinforcing bars having a cross- 
sectional area of not less than 0.20 sq. in. per foot in each direction, 
placed 3 in. above the top of the piles. 
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I. Reinforced Concrete Retaining Walls. 


184. Reinforced concrete retaining walls shall be so designed! 
that the permissible unit stresses specified in Sections 186 to 197 are 
not exceeded. ‘The heels of cantilever, counterforted and buttressed 
retaining walls shall be proportioned for maximum resultant vertical 
loads, but when the foundation reaction is neglected the permissible 
unit stresses shall not bé more than 50 per cent greater than the 
normal permissible stresses. 

185. The following principles shall be followed in the design of 
reinforced concrete retaining walls: 

(a) The unsupported toe and heel of the base slabs shall be con- 
sidered as cantilever beams fixed at the edge of the support. 

(b) The vertical section of a cantilever wal shall be considered as 
a cantilever beam fixed at the top of the base. 

(c) The vertical sections of counterforted and buttressed walls 
and parts of base slabs supported by the counterforts or buttresses 
shall be designed in accordance with the requirements for a continuous 
slab in Section 110. 

(d) The exposed faces of walls without buttresses shall preferably 
be given a batter of not less than { in. per ft. 

(e) Counterforts shall be designed in accordance with the require- 
ments for T-beams in Sections 113 to 115. Stirrups shall be provided 
in the counterforts to take the reaction when the tension reinforcement 
of the face walls and heels of bases is designed to span between the 
counterforts. Stirrups shall be anchored as near the exposed face of 
the longitudinal wall and as close to the lower face of the base as the 
requirements for protective covering permit. 

(f) Buttresses shall be designed in accordance with the require- 
ments specified for rectangular beams. 

(g) The shearing stress at the junction of the base with counter- 
forts or buttresses shall not exceed the values specified in Sections 
120 to 130. 

(h) Horizontal metal reinforcement shall be of such form and so 
distributed as to develop the required bond. To prevent temperature 
and shrinkage cracks in exposed surface not less than 0.25 sq. in. of 
horizontal metal reinforcement per foot of height shall be provided. 

(«) Grooved lock joints shall be placed not over 60 ft. apart to 
care for temperature changes. 

(7) Counterforts and buttresses shall be located under all points 

1In proportioning retaining walls consideration should be given to: 
(a) Bearing value of soil; 
(6) Stability against sliding. 
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of concentrated loading, and at intermediate points, as may be required 
by the design. 

(k) The walls shall be cast as a unit between expansion joints, 
unless construction joints formed in accordance with Sections 69 and 
73 are provided. 

(2) Drains or “weep holes” not less than 4 in. in diameter and 
not more than 10 ft. apart, shall be provided. At least one drain 
shall be provided for each pocket formed by counterforts. 


J. Summary of Working Stresses. 


186. The following working stresses shall be used: 
where, f’. = ultimate compressive strength of concrete at age of 28 days, 
based on tests of 6 by 12-in. or 8 by 16-in. cylinders made 
and tested in accordance with the Standard Methods of 
Making and Storing Specimens of Concrete in the Field 
(Appendix 13) and the Tentative Methods of Making 
Compression Tests of Concrete (Appendix 12). 


Direct Stress in Concrete. 


187. (a) Columns whose length does not exceed 40R: 
(1) With spirals .... varies with amount of longitudinal re- 
inforcement. (See Section 162.) 
(2) Longitudinal reinforcement and lateral ties. (See Sec- 


tion 165.) 
‘Gop Brava sae) AU tech © een hae ati A at NP eee aa (See Section 170.) 
Ree leas si eeStals gsr wc ccm rene tees e+» O57, 
(See Section 183.) 
188. (a) Extreme fiber stress in flexure... ............ 004504: 0.40f’. 
(b) Extreme fiber stress in flexure adjacent to supports of 
COMM OUS DEAINS: Vuk alee ies ee tne 0.45f’. 
Mel eMC OI CECLOMIEIRICES soos. a.Gy) eg sutiae oi iny Gi Seay eke asso. aya cet None 


Shearing Stresses in Concrete. 


190. (2) Beams without web reinforcement................-. 0.02f’. 
_ (6) Beams with stirrups or bent-up bars or combination 

GETTER W OTe See Neat epee Lrg es Ee SE Fine 0.06f’. 

191. (2) Beams without web reinforcement................. 0.03f". 
(6) Beams with stirrups or bent-up bars or a combination 

ERT G EE WTO ee oc Ie oe armen ae aa, n= te 0's ON 


192. (a) Shear at distance d from capital or dropped panel. BOOS 
(b) Other limiting cases in flat slabs. (See Section 1312) 
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193. (a) Longitudinal bars without special anchorage........ 0.02f’. 
(b) Longitudinal bars having special anchorage......... 0.03f’. 
Stresses in Reinforcement. 
194. (a) Billet-steel bars: 
(1) Structural steel grade............ 16,000 lb. per sq. in. 
(2) Intermediate grade.........:.... 18,000 “ x 
(3)> Hard grade c= sae aly ee HSAs, eae ce 
(b):sRail-stéel bars. on ee 18,000 “ g 
(c): Structuralstecl=, -2-6- 05 ) See eee 1G:000es 
(d) Cold-drawn steel wire: 
(i)s Spirals 20.2). eRe ee ree oer Stress not calculated 
(2) Elsewhere........... ws ie Bee 18,000 lb. per sq. in. 
195e(@)? Barst. cheat ee ee eae same as Section 194 (a) and (6) 
(b) Structural steel core of composite 
COLUMNS 7: 24ue et: Aas ie eee 16,000 Ib. per sq. in. 
reduced for slenderness ratio.......... (see Section 168) 
(c) Stwuctural steel column.............. 16,000 lb. per sq. in. 
reduced for slenderness ratio.......... (see Section 169) 
196. Composite cast-iron column ............. 10,000 lb. per sq. in. 
reduced for slenderness ratio.......... (see Section 168) 
197. (¢) Beams and slabs, plain, hars,: ee 0.04f’. 
(b) Beams and slabs, deformed bars................... 0.05f’. 
(c)" Footings, plain bars, one-way an.) Semeee ness ne 0.04f’. 
(d) Footings, deformed bars, one way.................. 0.05f", 


(e) Footings, bars two ways... .(c) or (d) reduced by 25 per cent 
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NOTATIONS AND FIGURES 


All symbols used in the Standard Specifications for Concrete and 
Reinforced Concrete have been collected here for convenience of refer- 
ence. ‘The symbols are in general defined in the text near the formulas 
in which they are used. In a few instances the same symbol is used in 
two distinct senses; however, there is little danger of confusion from 
this source. 


NOTATION 
a = width of face of column or pedestal; 
a@ = angle between inclined web bars and longitudinal bars; 
A = total net area of column, footing, or pedestal, exclusive of 


fireproofing; 

A’ = loaded area of pedestal, pier or footing; 

A, = A(1—p)=net area of concrete core of column (core area 
minus reinforcement) ; ; 

net area of concrete in columns with lateral ties (total 
column area minus area of reinforcement); 

A, = effective cross-sectional area of metal reinforcement in ten- 
sion in beams or compression in columns; and the effect- 
ive cross-sectional area of metal reinforcement which 
crosses any of the principal design sections of a flat 
slab and which meets the requirements of Section 153; 

total area of web reinforcement in tension within a distance 
of s (si, 52, 53, etc.) or the total area of all bars bent up 
in any one plane (see Fig. 9); 

= width of rectangular beam or width of flange of T-beam; 

= width of stem of T-beam; 

dimension of the dropped panel of a flat slab in the direc- 
tion parallel to J,;! 

c = base diameter of the largest right circular cone which lies 
entirely within the column (including the capital) whose 
vertex angle is 90 deg. and whose base is 13 in. below 
the bottom of the slab or the bottom of the dropped 
panel (see Fig. 14); 

¢ = projection of footing from face of column; 

C = total compressive stress in concrete; 


= 
| 


= 
T 


ooo 
Sas 
Hold 


1In flat slab design, the column strip and the middle strip to be used when considering moments 
in the direction of the dimension / are located and dimensioned as shown in Fig. 15. The dimension h 
does not always represent the short length of the panel. When moments in the direction of the shorter 
panel length are considered, the dimensions / and /: are to be interchanged and strips corresponding to 
those shown in Fig. 15 but extending in the direction of the shorter panel length are to be considered, 
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= total compressive stress in reinforcement; 


depth from compression surface of beam or slab to center 
of longitudinal tension reinforcement; 

depth from compression surface of beam or slab to center 
of compression reinforcement; 

modulus of elasticity of concrete in compression; 

modulus of elasticity of steel in tension =30,000,000 lb. 
per squin:; 

compressive unit stress in extreme fiber of concrete; 

ultimate compressive strength of concrete at age of 28 days, 
based on tests of 6 by 12-in. or 8 by 16-in. cylinders made 
and tested in accordance with the Standard Methods of 
Making and Storing Specimens of Concrete in the Field 
(Appendix 13) and the Tentative Methods of Making 
Compression Tests of Concrete (Appendix 12); 

compressive unit stress in metal core; 

tensile unit stress in longitudinal reinforcement; 

compressive unit stress in longitudinal reinforcement; 

tensile unit stress in web reinforcement; 

total tension in a bar; 

unsupported length of column; 

moment of inertia of a section about the neutral axis for 
bending; 

ratio of lever arm of resisting couple to depth d; 

d—z=arm of resisting couple; 

ratio of depth of neutral axis to depth d; 

span length of beam or slab (generally distance from center 
to center of supports; for special cases, see Sections 106 
and 145); 

span length of flat slab, center to center of columns, in the 
rectangular direction in which moments are con- 
sidered;} 

span length of flat slab, center to center of columns, per- 
pendicular to the rectangular direction in which mo- 
ments are considered;} 

bending moment or moment of resistance in general; 

sum of positive and negative bending moments in either 
rectangular direction, at the principal design sections of 
a panel of a flat slab; 

E,/E, =ratio of modulus of elasticity of steel to that of 
concrete; 

sum of perimeters of bars in one set; 

ratio of effective area of tension reinforcement to effective 


1See footnote regarding b; in foregoing notation, p. 67. 
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ON SPECIFICATIONS FOR CONCRETE 69 


area of concrete in beams=A,/ bd; and the ratio of 
effective area of longitudinal reinforcement to the area 
of the concrete core in columns; 

ratio of effective area of compression reinforcement to 
effective area of concrete in beams; 

total safe axial load on column whose //R is less than 40; 

total safe axial load on long column; 

ratio of the average to the maximum bond stress computed 
by Formula 34 within the distance ve 

ratio of cross-sectional area of negative reinforcement 
which crosses entirely over the column capital of a flat 
slab or over the dropped panel, to the total cross- 
sectional area of the negative reinforcement in the two 
column strips; 

permissible working stress in concrete over the loaded area 
of a pedestal, pier or footing; 

ratio of positive or negative moment in two column strips 
or one middle strip of a flat siab, to My; 

least radius of gyration of a section; 

spacing of web members, measured at the plane of the 
lower reinforcement and in the direction of the longi- 
tudinal axis of the beam; 

thickness of flange of T-beam; 

thickness of flat slab without dropped panels or thickness 
of a dropped panel (see Fig. 14); 

thickness of flat slab with dropped panels at points away 
from the dropped panel (see Fig 14); 

total tensile stress in longitudinal reinforcement; 

bond stress per unit of area of surface of bar; 

shearing unit stress; 

total shear; 

uniformly distributed load per unit of length of beam or 
slab; 

upward reaction per unit of area of base of footing; 

uniformly distributed dead and live load per unit of area 
of a floor or roof; 

total dead and live load uniformly distributed over a 
single panel area; 

length of bar added for anchorage, including the hook, if 
any; 

distance from the point at which the tension is computed 
to the point of beginning of anchorage; 

depth from compression surface of beam or slab to result- 
ant of compressive stresses, 
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70 REeporT OF JOINT COMMITTEE (APPENDIX 1) 


FIGURES. 


For explanation of symbols used in figures, see foregoing notation. 


Fic. 3.—Nomenclature for Reinforced Concrete T-Beam. 


398 
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eee eee — --<<<-----— 


Allowable Shear = 0.02 fé 


Fic. 4.—Typical Reinforced Concrete Beam; Principal Longitudinal Bars without 
a Special Anchorage. 


Fic. 5.—Typical Reinforced Concrete Beam; Special Anchorage of Longitudinal 
Bars. 


eries of 
1 Vertical Stirrups. 


Series of 
“Inclined Bars 
| ordurrups. 


~ 


Fic. 6.—Typical Reinforced Concrete Beam without Special Anchorage; Web 
Reinforced by Means of Series of Vertical Stirrups or Series of Inclined Bars 
or Stirrups. 


Bars Bent up 
in Single Plane. 


Fic. 7.—Typical Reinforced Concrete Beam; Principal Longitudinal Bars Bent up 
in Single Plane. 
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rd —_——_— 
fi _— 7 ~ 


Fic. 8.—Typical Reinforced Concrete Beam with Anchored Longitudinal Bars and 
Vertical Stirrups. 


Must be Carried at least 
to Point of Inflection--~. 


8, De Se HC Sa DHS Se >} 


Maximum Spacing (S;, S2, etc.) permitted for x=45° 
Smaller Spacing generally is preferable. 


Fic. 9.—Typical Beam with Web Reinforced by Means of Series of Inclined Bars. 
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| w----v must not exceed 
& 0.02 fe on this Section. 


Section of inclined Bars. 
Determined by Maximum 
Shear at Edge of Support. 


Fic. 10. en Beam with Web Reinforced by Means of Bars Bent up in Single 
Plane. 


| 
ea / 
Se Misa Bib SA eored for £ a of 
Working Strees 


Fic. 11.—Typical Web Reinforcement for Continuous Beams with Special 
Anchorages. 


fae Sa PES & oy 
aye BE S aS 
v D ‘ 
S . S 
S eS S 
© %S 


Fic. 12.—Typical Methods of Anchoring Vertical Stirrups. 


Fic. 13.—Typical Reinforced Concrete Beam-and-Tile Construction 
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74 Report OF JOINT COMMITTEE (APPENDIX 1) 


“Critical 
Sections 
for Shear. 


Fic. 14.—Typical Column Capital and Sections of Flat Slab with Dropped Panel. 


Sections of Critical 
‘Negative Moment ----. 


aoe 
eae : 

x eS BENE ch po 

t | ~ | < 

% = va) | & ’ 

c y Sections of Critical | c 
} S | Positive Moment S (aga 
(oh ~~ BSS 
pais Span Lengths land l, ae 
are interchangeable Vea 
\ according to the Direction es 
I of the Moment under toe 
: Consideration ; ; 
eR cal 

\ Vf H 
| L----—~-~- ~~ fey feted BR 


1 
= 
<a 


Fic. 15.—Principal Design Sections of a Flat Slab. 
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ON SPECIFICATIONS FOR CONCRETE 


P 


Width of Section 
4Times this Distance 


Footings 


(b) 


Elevation. 


Fic. 16.—Typical Sloped Reinforced 
Concrete Footing on Piles. 


_- Critical Section 
“for Diagonal 
Tension in Pile 
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= 
4 
Nie 


Elevation. 


Fic. 17.—Typical Sloped Reinforced 
Concrete Footing on Soil. 
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APPENDIX 16. 


PROPORTIONS! FOR CONCRETE OF GIVEN COMPRES- 
SIVE STRENGTH AT 28 DAYS. 


The table gives the proportions in which portland cement and a wide range-in 
sizes of fine and coarse aggregates should be mixed to obtain concrete of compressive 
strengths ranging from 1500 to 3000 lb. per sq. in. at 28 days. Proportions are 
given for concrete of four different consistencies. 

The purpose of the table is twofold: 

(1) To furnish a guide in the selection of mixtures to be used in preliminary 
investigations of the strength of concrete from given materials. 

(2) To indicate proportions which may_be expected to produce concrete of a 
given strength under average conditions where control tests are not made. 


If the proportions to be used in the work are selected from the table without 
preliminary tests of the materials, and control tests are not made during the progress 
of the work, the mixtures in bold-face type shall be used. 

The use of this table as a guide in the selection of concrete mixtures is based on 
the following: 

(1) Concrete shall be plastic; 

(2) Aggregates shall be clean and structurally sound; 

(3) Aggregates shall be graded between the sizes indicated; 

(4) Cement shall conform to the requirements of the Standard Specifications 
and Tests for Portland Cement (Serial Designation: C 9-21) of the American Society 
for Testing Materials. (Appendix 2.) 

The plasticity of the concrete shall be determined by the slump test carried 
out in accordance with the Tentative Method of Test for Consistency of Portland- 
Cement Concrete for Pavements or for Pavement Base (Serial Designation: D 138— 
22 T) of the American Society for Testing Materials. (Appendix 11.) 

Apply the following rules in determining the size assigned to a given aggregate: 

(1) Not less than 15 per cent shall be retained between the sieve which is con- 
sidered the maximum size? and the next smaller sieve. 

(2) Not more than 15 per cent of a coarse aggregate shall be finer than the sieve 
considered as the minimum size.? 

(3) Only the sieve sizes given in the table shall be considered in applying rules 
(1) and (2). 

(4) Sieve analysis shall be made in accordance with the Standard Method of 
Test for Sieve Analysis of Aggregates for Concrete (Serial Designation: C 41-24) 
of the American Society for Testing Materials. (Appendix 8.) 


Proportions may be interpolated for concrete strengths, aggregate sizes and 
consistencies not covered by the table or determined by test. 


1 Based on the 28-day compressive strengths of 6 by 12-in. cylinders, made and stored in 
accordance with the Tentative Methods of Making Compression Tests of Concrete (Serial Desig- 
nation: C 39-21 T) of the American Society for Testing Materials. (Appendix 12.) 

2For example: a graded sand with 16 per cent retained on the No. 8 sieve would fall in the 
0-No. 4 size; if 14 per cent or less were retained, the sand would fall in the 0-No. 8 size. A coarse 
aggregate having 16 per cent coarser than 2-in. sieve would be considered as 3-in. aggregate. 
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Proportions are expressed by volume as follows: 


parts by volume of coarse aggregate. 


REPORT OF JOINT COMMITTEE (APPENDIX 16) 


PROPORTIONS FOR 1500 LB. PER SQ. IN. CONCRETE. 


Portland Cement : Fine Aggregate : 


Size of Fine Aggregate. 


Coarse Aggregate. 
Thus 1 : 2:6: 4.6indicates 1 part by volume of Looe cement, 2.6 parts by volume of fine aggregate and 4.6 
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Sie of Coarse Slump, 
ggregate. in. 
0-No. 14 0-No. 8 0-No. 4 0-2in 
4 to 1 1:28 ae 1:3.8 1:44 1:5.1 
Momee Ra cas, ores 1:24 1:28 1:33 1:3.8 1:45 
Gis eeu, 1:1.9 ti2:2 1:2.6 1:3.0 1:3.6 
Se a10 1:14 1:16 1:18 1:2.1 1:2.5 
4 to 1 1 : 2.6: 4.6 1:2.9:43 1:3.4:41 1:3.9:3.6 1:46:3.1 
; Ee! 1: 2.3: 4.0 1:2.6:3.8 1:2.9:3.6 | 1:3.4:3.2 1:41:28 
No.4 to 2in....... ; 
a 67 | 1:18:34 | 1:20:32 | 1:23:31 | 1:26:28 | 1:34:25 
8 “10 1:1.1:2.5 1:1.3:2.4 1:1.5:2.4 1:1.7:2.2 1: 2.1: 2.0 
> to I 1:24:53 | U:2:755.2 | 123.028.0 | 123.5247 | 1243243 
is ear 1:21:47 1:2.4:4.5 1:2.7:4.4 1:31:41 1:3.7:3.7 
wtto stinwssn.. 
poe ane 6 7 | 1:16:39 | 1:18:38 | 1:21:37 | 1:24:35 | 1:29:33 
8 “10 e445 2-0 1213.2: 28 1s 1.2: 28 126227 ep OS 25 
% to 1 1:24:60 | 1:27:59 | 1:31:58 | 1:3.5:5.4 | 1:41:51 
NoWdio mn tides 5 1is:2-0)3 6.4: 1 Oe Ne a Le27 5.2 1:3.0:5.0 1:3.5:4.6 
; er ae Bas 7 1:1.6:4.4 | 1:1.8:4.3 | 1:20:43 | 1:23:41 1:2.7:3.9 
8 “10 122:0::'3:3 1H S.2 ToL si3t2 PELerst 1585729 
4 to 1 fs 2:22 6.9 1:2.4:6.8 1: 2.8: 6.8 133.1366 1: 3.7: 6.4 
No. 4 to 2i oat 1: 1.8: 6.2 1:2.0:6.1 1 ec | 13.2.7 56.0 LS.bS5.7 
Rater ge 67 | 121.4251 | 121.6250 | 1:1.8:5.0 | 1:20:50 | 1:24:48 
8 10 1:0.9:3.8 1:1.0:3.8 1:1.1:3.8 1:1.3:3.8 1:1.5:3.7 
4 tol 132.812 5.2 Ee FR We | 1:3:3.6:.4.8 1:4.2:4.6 1:4.8:4.1 
to1 Sa 1: 2.4: 4.5 1:2.6:4.5 23.04.38 1:3.6:4.0 124.1238 
SE LORE er seer Ge a. 15 1.93,3.9 Te 2.tsid.7 1:2.4:3.6 1: 2.8: 3.4 13:3:23:3.1 
S30) 1: 1.3: 2.8 14728 5 WH ME Cee Bef 1219226 e222 2:4 
4 to 1 1:2.8:5.8 Per S Ths, 5.7. 1:3.5:5.5 1: 4.1: 5.3 1:47:49 
3 1 Sage S 1:2°2.4:3:5.2 1: 2.73.5. L231350 1:3.6:48 1:4.1: 4.4 
TE ti nea 6“ 7 | 1:19:43 | 1:21:42 | 1:24:42 | 1:27:40 | 1:31:37 
Sae40 FIR IB RES 1: 1.4: 3.2 1: 1633.2 1:3.8:3:0 132:1.32.9 
$ to 1 13.2.7 36.6 1:3.0; 6.6 1:3.4:6.5 1:3.9:6.4 1:44:60 
3 5 Poa | hei23's 9.9) 1:2.635.9 1: 2.9; 5.8 1:3.3: 5.6 1:23:7:36.5 
gto2in.......--.9} ge 7 | ys4.e:49 | 1:20:48 | 1:22:48 | 1:26:48 | 1:3.0:45 
8 “10 1: 1.2:3.7 1:1.3:3.7 1:1.5:3.7 1:1.7:3.6 1:1.9:3.5 
3 to 1 1:3.2:5.4 1:3.6:5.3 1:4.1:5.1 1:4.7:4.8 1:53:44 
ena, Reef 1: 2.8: 4.8 1:3.2;48 1:3.6:4.6 1:40:44 1:4.6:4.0 
SACL oD 7° 67 | 1:21:40 | 1:28:40 | 1:28:39 | 1:3.2:37 | 1:35:34, 
8 10 1:1.5:3.0 1:1.7:3.0 1:1.9: 2.9 1:2.2:2.8 1:2.5:2.7 
4 to 1 123.2:8:6.2 123-63 6A 1: 4.0: 6.0 1:4.6:5.8 1: 5.2: 5.4 
oeaid) 1:2.8:5.5 1:3.1:5.5 1:3.5: 5.4 1:3.9; 5.2 1:4.5:4.9 
7S abot gf 6 7 | 1224245 | 1:24:46 | 1227245 | 1:30:44 | 1235241 
8 “10 1: 1.4:3.4 1:1.6:3.4 1: 1.8: 3.4 1:2.1:3.4 1:24:33 
4 to 1 1:3.2:7.1 1:3.6:7.1 1: 4.0: 7.0 1:4.6: 6.9 1: 5.2: 6.6 
A ey Z 1:2.7:63 1: 3.0: 6.3 1:3.4:6.3 1:4.0: 6.2 1:4.5:6.9 
Pe (iy OP Min POPS RD | 1:24:52 | 1:27:52 | 1:31:61 1:35:49 
8 “IW 1:14:38 1:1.6:3.9 1:1.8:3.9 1:2.1:3.9 1:24:38 
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78 ON SPECIFICATIONS FOR CONCRETE 


PROPORTIONS FOR 2000 LB. PER SQ. IN. CONCRETE. 


Proportions are expressed by volume as follows: Portland Cement : Fine Aggregate : Coarse Aggregate. 
Thus 1 : 2.6 : 4.6 indicates 1 part by volume of portland cement, 2.6 parts by volume of fine aggregate and 4.6 
parts by volume of coarse aggregate. 


Size of Fine Aggregate. 


Size of Coarse Slump, 

Aggregate. ee 0-No. 28 0-No. 14 0-No.8 0-No. 4 o-3in. 

4 to 1 1: 2.2 1: 2.6 1:3.0 1:3.5 Hasty 

. ye | ileahe 1: 2.2 1: 2.6 1: 3.0 1:3.5 

RARE SLCC GeO Taye 1:17 1:20 1:23 1:27 

8 “10 | 1:1.0 114 1:13 1:16 1:18 
Ztol | 1:21:38 | 1:23:3.7 | 1:26:35 | 1:30:31 | 1:36:28 
See 34 | 1:1.7:33 | 1:19:32 | 1:22:31 | 1:26:28 | 1:30:94 
ostee Re rea 6% 7 | 4:1.3:27 | 1:14:26 | 1:1.7:25 | 1:1.9:23 | 1:23:21 
S100) |S 10:8' 19) |e 1'-0:9'r 1.9) 4 mets dO 1S | nied eta tera chal 
Ztol | 1:19:45 | 1:22:43 | 1:25:42 | 1:28:39 | 1:34:36 
Op steak 3“ 4 | 1:16:39 | 1:18:38 | 1:2.1:3.7 | 1:24:35 | 1:28:32 
Fae ei 6° 7 | 121.2231 | 1:13:31 | 1:15:30 | 1:21.8:29 | 1:21:27 
810) 1307522 1 1268 2.0 21083" re 1a ot | ot hoe 


5 to 1 1:1.9:5.0 1:2.1:4.9 1:2.4:4.9 1:2.7:46 | 1:3.2:44 

EW EES E Seo: eet 1:16:44 Ase 7274.3 I DROA Re a} 1: 2.4: 4.0 1:2.7:3.8 
(ifiettnsy UE PUSH UCL ASHEHD 1:1.4:3.5 1:31.7:3.4 132.0: 3.2 

8 “10 10272520 1: 0.8: 2.5 1310:9)5'2:5 1:10: 2.4 MTR Oe} 

| 1:1.7:5.8 1:1.9: 5.7 1: 2.1:5.8 1: 2.4: 5.6 122.8 25.5 

Novato eee Smee 1:14: 5.0 1°1.5:5.0 1:18: 5.0 1: 2.0: 4.9 1: 2.3: 4.7 
Up Rene 121.0: 4.1 1:37.14: 41 121.2: 4.1 1:1.4: 4.1 1: 1.7: 3.9 

8 “10 1:0.6: 2.9 1:0.7:2.9 1: 0.7: 3.0 1:0.8: 2.9 1591-0'=32:9 

3 to 1 1: 2.2: 4.4 13i2:5)4.2 1:2.8:4.1 1: 3.3: 3.8 1:3.8:3.4 

Gam een sees Ve 93.8 i BE La os 1: 2.4;33.6 Li2.8:13-4 1:3.2:3.1 
OOS 7 1:1.4:3.1 1:1.5: 3.0 1: 1.8: 3.0 12-115: 2:8 1:2.4:2.5 

8 “10 1:0.9: 2.2 Lee Olrore ia low) 121.3320 a ia BF KS) 

= to 1 1:2.2:4.9 1:2.5:4.8 122.8 3 4.7 1:3.2: 4.6 Dicige7us 422 

toh ee ee Sys Vel9e/43 LR UR 1:2.4:41 1: 2.7: 4.0 131i 3i7, 
CER? US TRISHA 1:31.53 3.4 LUSTER AEN.| WEARER} 122.3'34 

ite Stel) 130.9: 2.5 TWH US Pus Pet 2-4 1:13:24 aS bp O78} 

4 to 1 13)2.152)5.6: 1: 2.8:5.5 1:2.6:5.5 1:3.0:5.4 1:3.5:5.1 

S15 ig 3.64 1:17:48 1:2.0:4.8 1:2.2:4.8 1: 2.5: 4.7 1:2.9:4.4 
Grey 1:1.3: 4.0 1:1.4:3.9 1: 1.6: 3.9 1:1.8:3.9 Te 2.U3 8 

eae lO) 1: 0.8: 2.9 1:0.9: 2.9 1: 1.02.9 Viike2 22:9 1: 1.3: 2.8 

$ to 1 1: 2.6: 4.5 1: 2.9:4.5 1:3.3:4.4 1: 3.8: 4.2 1: 4.2:3.9 

Sioadin ie fe ee gers 1: 2.2:3.9 T2539 1: 2.8: 3.8 1:3.2:3.6 113 :6i3-3 
Py 1:1.6:3.2 LLOLESRR 2 Mera SRS 1 52:4)2:3:0 V2:7-2°2:8 

Site) Ps 1.0): 2:3 1s 1:22:38 1:14: 2.2 AioE1.G ceae NV IEPA | 

} to 1 1: 2.5; 5.2 1: 2.8: 5.2 1:3.2:5.1 1: 3.6: 5.0 1:4.1:4.7 

SD io@ in ww sbeek CP aaa) V3 2.124:5 1:2.4:4.5 1:2.7: 4.4 1:3.1:43 1:3.5: 4.0 
(Sina) 131.6 33.7 1:1.8: 3.7 1: 2.0: 3.7 12:2:32:356 1: 2.6: 3.5 

8 “10 1: 1.0: 2.6 LR Laps 1s 1.333236 UA EIR P4y/ 1:1.7: 2.6 

4 to 1 1: 2.5: 6.0 1: 2.9:5.9 1:3.2:5.9 1:3.6: 5.8 1: 4.1: 5,6 

login is | TAS LOGS | 122.4: 5.2 $2.7 62 1:3.1:5.1 1:3.5:4.9 
Gpee 7, 1:1.5: 4.1 1:1.7: 4.2 1:2.0:4.2 Metz sista 1:2.5: 4.0 

My Fs (3) T31.0'°2:9 131.1230 1:1.3:3.0 NG BRM s) 1: 1.7:3.0 
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PROPORTIONS FOR 2500 LB. PER SQ. IN. CONCRETE. 


Proportions are expressed by volume as fellows: Portland Cement : Fine Aggregate : Coarse Aggregate. 
Thus 1 : 2.6 : 4.6 indicates 1 part by volume of portland cement, 2.6 parts by volume of fine aggregate and 4.6 
parts by volume of coarse aggregate 


| Size of Fine Aggregate. 
Sieh 
Ze - - 
bse “ss 0-No.28 | 0-No.14 | 0-No8 0-No.4 | 0-2in. 

$tol | 1:18 1:21 1:24 1:29 1:33 

a7 2 2235 1:18 1221 1°24 rezs 

None A.t*.-.5, os 7 1:14 1:13 1:1.6 1:1.8 1224 

8.710 | 1207 1:08 1:0.9 1:11 1:13 
2 tol 1:16:32 1528 53.1 1:2.1:3.0 1:2.4:2.7 1:2.9:2.4 
8° 4 [1223228 | 1225227 | 1217226 | 1:20:24 | 1:24:22 
No. 4 to 2 in. Se 7 ETB =22 (il | bee a 1213221 1:1.5:2.0 534.8215 
8 “10 1:0.5:14 1:0.6:14 1207514 1:0.8:14 1:10:13 


to 1 1:15:37 LSB 337 1:2.0:3.5 1:22:34 1227234 
uy Vy Bas Be - 92:14 73.2 1:3673.1 1:1.9:3.0 | Sey ar a Wy 
ae 1:09:26 1:10:25 Ussts25 1:13:24 1:1.6: 2.3 


No. 4 to lin....... 
“10 1:05:17 1:0.6: 1.7 1:0.6: 1.7 1:0.7:1.6 £2 09-85 


COD Wwi-H 
: 
~ 


to 1 1:14:4.2 1:16:41 P-19242 2-22: 40 25.38 
251323.7. 22123238 12:15:36 1:18:35 122.8233 
ay { 1:0.9:29 1:09:28 Iti s28 gg ie Sea 1:15:26 
“10 1-05-19 1:05:1.9 1:0.6:1.9 207613 1:0.8:18 


COD Wilk 
® 
> 


No. 4 to 1} in...... 


to 1 1:13:49 1:14:48 1:1.6:4.9 12.948 1:2.2:4.7 
a3 284545 1:12:42 1:13:43 1:1.6:42 1 ae Sse | 
Ed, 1:0.7:3.3 1:0.8: 3.3 1:0.9:3.4 1 1.133.3 025-2233 
“10 1:04:22 1:2.4:2.2 1205 :22 1: 0.6: 2.2 1:0.6: 2.2 


1:18:3.7 1:20:3.6 1:23:35 1: 2.6:33 i= 50229 
“4 $294:3.2 i22623:1 1319,; 2.9 F222:29 1:2.5:2.6 
7. 1:10:25 1282-25 1213724 121.6:23 tf! Ess22 
“10 1:0.6: 1.6 1:0.7:1.46 1:0.8:1.6 1:0.9: 1.6 1:10:15 


OR Ww CFO Dm WrH 


5 ote Be Pp BE 249-1 1:22:40 | 1:2.5:3.9 1: 2.9: 3.6 


3 to 1 | 

Br & 1215736 1:16:3.6 i-@S<25 P29 -34 12235 3:2 
2 to 1d in 4 eee | Cry 7 121.0329 1212-28 icasces Te9.522-7 1:1.8: 2.6 

8 “10 | 1:06:19 | 1:06:19 | 1:08:18 | 1:09:18 | 1:10:18 

4 tol Li fy gar ef 1:18:47 irae Boge By | 1:24:46 1:2.7:4.4 

3% 4 1:14:41 $2:15:41 | Baas By fo 5 | 1:20:4.0 23-39 
2 to 2in. er ® S557 1:1.0:3.2 124.1:32 i fg Br ys fd 1:1.4:3.2 A | 

8 “10 205221 1:0.6: 2.1 120:7:22 1:0.8: 2.2 1:0.9:2.1 


to 1 1:20:38 Pes 28 '226:3.7 1:3.0:3.6 P2735 
oe! 1:1.7:33 1:2.0:3.3 15:22:32 1225232 e20-29 
at 12:12:26 1:1.4:26 1:1.6: 2.6 a58S225 ) ee ep 
“10 1:0.7:17 1:08:1.7 $2.09 207. § he 3 Re Beg 12:12:16 


1 1:20:44 1:22:44 1:25:43 1:29:43 1:3.3:4.1 
4 1:1.7:3.8 1:19:38 12:24°38 122.5337 1: 2.8: 3.6 
7 1:1.2:3.0 1:1.4:3.0 1:1.5:3.0 1:1.8: 3.0 1:20:28 
“10 1:0.7:2.0 1:0.8: 2.0 1:0.9: 2.0 1:10: 2.0 1512220 


OAWHK WO Wry 
is 


2to1 | 1:20:50 | 1:22:50 | 1:25:50 | 1:27:50 | 1:32:47 
bear | 1:17:43 1:19:43 1:24:43 1:24:43 £2.72 44 
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PROPORTIONS FOR 3000 LB. PER SQ. IN. CONCRETE. 


Proportions are expressed by volume as follows: Portland Cement: Fine Aggregate: Coarse Aggregate. 
Thus 1 : 2.6 : 4.6 indicates 1 part by volume of portland cement, 2.6 parts by volume of fine aggregate and 4.6 


parts by volume of coarse aggregate. 


Size of Fine Aggregate. 


Size of Coarse Slump, a = : é 
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EFFECT OF OILS AND MISCELLANEOUS LIQUIDS ON 
CONCRETE AND METHOD OF PROTECTIVE 
TREATMENT WHERE REQUIRED 


Liquid 


Effect on Untreated Concrete 


Surface Treatment 


MINERAL Ors! 


30° Baumé or heavier... . | 


Fuel Oils above 30° 
Baumé.  Distillates. 
Gas and Lubricating 
Oi eee ee eon cere 


Kerosene, Gasoline, 
IBenZines oe ccs os 


Good concrete unaffected. 
Very slight surface pen- 
etration. 


Good concrete unaffected. 
More penetration than 
for heavy oils. 


Good concrete unaffected. 
Considerable penetra- 
tion. 


ANIMAL OILs (SoLip Fats)3 


Ward and WwardsOil. 4. 2 


Goose Fat, Beef Mar- | 
row, Beef and Mutton 
Tallow and Tallow 
(CUES Ak eee saaeeene 


May attack concrete 
slowly, particularly if in 
melted condition. 


No definite information. 
Probably similar to lard 
oil. 


None—Good_ concrete 
well spaded or cement 
mortar finish sufficient. 


Coatings of the magne- 
sium fluosilicate class, 
glues or varnishes re- 
quired for storage 
tanks. 


Gasoline-proof coatings 
producing glazed sur- 
face or treatment with 
iron compounds. 


Various proprietary com- 
pounds recommended 
by manufacturers of 
technical paints. 


Probably similar to that 
for lard oil. 


Marine: 
Menhaden Oil......... 


\ 


Cod ViverOil. 5. : 
Shark Liver Oil. .... | 
Seal and Whale Oil.. ) 


Terrestrial: 
Sireep Sy tOOtsa. cas. oe: 
HOTse ShOOtssn ., Joes. 
Neat StoOty onan = oe. 


ANm™AL Ors (Liguip Fats) 


No effect on good con- 
Chet: 


More or less disintegra- 
tion depending on qual- 
ity of concrete. 


ac 


oe 


No effect on good con- 
crete. 


1 Signal oil, used by railroads, is a mixture of animal fat with mineral oil. 


same effect on concrete as lard oils. ; 
2 Some lubricating oils are mixtures of mineral and animal oils. 


Cushman’s tests indicate 
various coatings no bet- 
ter than plain concrete. 


Various proprietary com- 
pounds recommended 
by manufacturers of 
technical paints. 


“cc 


ae 


No treatment required. 


Probably has about the 


3 Bureau of Standards tests with concrete tanks show slight roughening of surface at end of 12 
months and considerable deposit on surface through saponification, 
4 Bureau of Standards noted slight deposit due to saponification at end of 12 months. 
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Liquid 


APPENDIX 17—Continued. 


Effect on Untreated Concrete 


Surface Treatment 


VEGETABLE OrLs (SoLip Fats) 


Cocoanut Oil asses 


Some action if stored in 
closed tank. Progres- 
sive disintegration if in 
contact with surfaces 
exposed to air. 


Several proprietary com- 
pounds seem to have 
proved effective on 
floors. Sodium silicate 
or magnesium fluosili- 
cate treatment appar- 
ently sufficient for 
closed tanks. 


Palm Oily, Same ee No information. No information. | 
VEGETABLE OILS 

Drying: | 
hem p.@iltaa eer erens | 
Poppyseed Oil (3v..- No information. No information. 
PPobaccovOile ery 
Tainseed Oil? 2s... No effect on good con- | Cushman’s tests indicate 
Rosin Oita. crete. Considerable various coatings no bet- 
Murpentine ye see penetration of turpen- ter than plain concrete 


Semi-Drying: 
Coftonsecdi@ il tees 


Rape Seed Oil. ...... ) 

Castor Olea er f 

Mittstar cd @il sense } 
Non-Drying: 

Olive Oiler ere 


Butter Oil.(?) 


— 


tine. 


No action if stored in 
closed tank of good con- 
crete. 


Progressive disintegration 


if in contact with sur- 
faces exposed to air. 


Probably some action. 


for linseed and rosin 
oils. 


Same as for cocoanut oil. 


Cushman’s tests  saow 
proprietary coatings of 
varnish type effective. 


1 Bureau of Standards tests with concrete tanks show considerable softening and roughening of 


surface at end of 12 months. 


? Bureau of Standards noted at end of 12 months considerable deposit on surfaces of concrete 
tanks containing both boiled and raw linseed oil, due to saponification, but concrete showed no 


deterioration, 
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APPENDIX 17—Continued. 


Liquid 


Effect on Untreated Concrete 


Surface Treatment 


MISCELLANEOUS LIQUIDS 


sulfite Liquor. ...2..%.... 


CidemVinerars sa = 4..- 


Buttermilk ener. eee 


INIOLASSES amine ester Corer 


Sulfuric Acid Solutions... 


Acid liquors show consid- 
erable effect. Other 
tanning extracts have 
no action. 


Attacks untreated con- 
crete tanks. 


Acetic acid attacks con- 
erete, 


No action on good con- 
crete. 


More or less action de- 
pending on quality of 
concrete. 


No action on good con- 
crete. 


No action in closed con- 
crete. 


Progressive disintegra- 
tion, particularly where 
concrete is subject to 
abrasion. 


Bituminous acid-proof 
paints effective for 
tanks holding acid tan- 
ning solutions. Good 
concrete with or with- 
out mortar finish suffi- 
cient for other tanning 
liquors. 


Cushman’s tests indicate 
bituminous acid-proof 
paints effective. Par- 
affin coating fair. 


Cushman’s tests indicate 
bituminous acid-proof 
paints effective. _Par- 
affin coatings applied 
hot also useful for tanks. 


Cushman’s tests show 
special treatments no 
better than untreated 
concrete. 


Cushman’s tests show 
proprietary coating of 
varnish type effective. 
Sodium silicate treat- 
ment used on storage 
tanks. 


Untreated tanks used suc- 
cessfully to store but- 
termilk. 


Good concrete well spaded 
or finished with cement 
mortar sufficient. An- 
napolis mixture some- 
times used. 


Bituminous acid-proof 
paints or mastic coat- 
tng effective. 


pate iad eme My 1 we ee 83 y 1E pee eh Re 
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APPENDIX 18. 


SUPERVISION AND INSPECTION OF CONCRETE 
CONSTRUCTION. 


1, All work shall be under the supervision of the Engineer, under 
whose direction the work is to be conducted in accordance with the 
provisions of the specifications; the Engineer shall interpret the 
meaning and intent of the drawings and specifications, and pass upon 
the material and workmanship, and his acceptance shall be a condition 
precedent to payment. Incase of disputes, or of unforeseen conditions 
the decision of the Engineer as to quantities, quality and acceptability 
of the work shall be binding. 


2. Line and grade will be given by the Engineer as provided under 
the contract. The Contractor shall inform the Engineer a reasonable 
time in advance so that lines and grades may be conveniently and 
accurately placed. Such points or marks as may be given by the 
Engineer shall be carefully preserved by the Contractor. 


3. The Inspector as a representative of the Engineer shall be in 
immediate charge of the inspection of material and of placing material 
in the finished work. The Contractor shall at all times give to the 
Owner, the Engineer or Inspector, entrance to the work and to the 
place of manufacture of any materials entering into the work, and 
facilities for inspecting the work or materials, both at completion and 
in process of manufacture and construction. The manufacturer shall 
furnish the Engineer such chemical and physical records of the 
materials as may be required under the contract and any other records 
pertaining to the quality of the material that the manufacturer may 
possess shall be available for the information of the Engineer or 
Inspector. 


4. The Inspector shall be present before starting any unit of 
field work and during the process of construction of any unit of the 
structure, to see that the work is done according to the provisions of 
the specifications, as interpreted by the Engineer. 


S. The tests required under these specifications will be made by 
the Engineer and unless otherwise specifically provided for will be 
carried out at the expense of the Owner. The Contractor shall afford 
every opportunity for the proper conduct of the tests and he shall 
further provide such facilities for obtaining, handling, storing, and 
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testing specimens ‘and samples as the Engineer may require. For 
such work the Contractor shall receive compensation for actual expense 
for labor and materials. . 

6. The inspection of the work shall not relieve the Contractor of 
his obligations under the contract. Defective work shall be made 
good and unsuitable materials rejected, even though such work and 
materials have previously been accepted. 
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Mr. Godfrey. 


Discussions on Jorint ComMMITTEE REport. 


Epwarp GoprRey (By Letter)—C. A. P. Turner, of Minneapolis, 
Minn., sent me a copy of a criticism of the Joint Committee Report by a 
committee of the Engineers’ Club of. Minneapolis. Presumably the Joint 
Committee Report is to be up for discussion, or at least this criticism will 
be read at the convention. In either event, responding to Mr. Turner’s sug- 
gestion I should like to present before the convention some remarks on the 
subject. 

Members of the Concrete Institute know my attitude in regard to three 
principal features of design in reinforced concrete. One is the rodded 
column, which, as this criticism from Minneapolis (hereinafter referred-to 
as the “criticism”) points out, has been present in a very uncomfortable 
number of wrecks, too uncomfortable for any advocate of this type of 
column to talk about. The second is the short shear member, the only 
type of shear reinforcement recognized in-any standard work, and the type 
which I have unequivocally condemned for nearly two decades. Countless 
beams that have broken away from their supports have demonstrated 
clearly the inadequacy of alleged shear reinforcement that does fot reach 
the support nor cross the sections which break in these failures. The 
third is the system of coefficients for flat slabs. 

The “criticism” is eminently correct in its statement that building 
codes should specify a standard grade of cement, sand and aggregate with 
standard mixtures. For many years steel structures were built on dual 
specifications as to the grade of steel, medium steel and soft steel being 
the two grades specified, sometimes with different unit stresses for the 
two grades. Manufacturers regularly made steel that would meet the re- 
quirements of either grade (in the overlap), and engineers imagined that 
they had a higher or softer grade of steel, when the only difference was 
the word that happened to be written on the order. Considering conditions 
on a job the fancy stuff on concrete mixes in the Joint Committee Report 
duplicates a worse absurdity than the steel specifications many fold. 

When one looks at it squarely, it is absurd to come up to the point 
of pouring concrete for a structure not knowing what unit stress the 
concrete is going to be capable of sustaining, for that is what is implied 
by the Joint Committee specifications. The unit stress is dependent upon 
the compressive stress that can be wrung out of the materials. One bidder, 
with better artists in his laboratory, may obtain much higher compressive 
test results than another. ; 

Discussion as to trapezoidal and rhombie shear distortion in beams 
has little meaning, when the actual beam can fail in actual shear close to 
the support, when the actual shear is the greatest, and never even stress the 
alleged shear reinforcement, which in all standard designs is located else- 
where than across this section of maximum shear. Hundreds of beams 
have failed in this way in buildings that have collapsed. The thing that is 
important is to have shear reinforcement that would have to sever before 
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the beam that it reinforces can fail. This no standard, except the alter- Mr. Godfrey. 
nate introduced into the Joint Committee Keport, accomplishes. 

The “criticism,” while it finds fault, and justly, with the rodded 
column of the Joint Committee Report, does not go far enough in its sub- 
stitution to insure a tough and safe column. 

A tabular comparison between values of rodded and spiral columns, 
just received from Walter H. Wheeler, of Minneapolis, shows astounding 
data. The comparisons of this table are enough to brand the Joint Com- 
mittee Report as a dangerous guide in the design of columns. That the 
rodded column, which has been the chief feature of the design of all the 
long list of large wrecks, should be exalted above the hooped column in 
the manner shown in this table is absolutely inexcusable. 

The “criticism” refers to tests where concrete expanded on setting. 
These test results contradict a vast amount of practical work where open 
cracks in long walls and pavements indicate clearly shrinkage of concrete 
on setting. 

As to the flat slab. As the present writer is doubtless the former 
member of the Joint Committee referred to who maintains that tension 
in concrete accounts for the good showing in measured steel stress, it is 
fitting that the unanswerable arguments of fact should be restated. No 
one can deny that the flat slab that is loaded has deflection; and that 
deflection is impossible without tension in the concrete; and that, if there 
is tension in the concrete, that tension must be helping to resist the mo- 
ments; and that a steel bar embedded in concrete is subject to one of two 
conditions—either it is resisting only a portion of the tension or else, if 
a crack occurs, the stress cannot be measured, because the measured length 
is not subject to the maximum stress—only the portion at the crack. The 
last statement proves the inherent error of all stresses in embedded steel 
measured by strain gages. 

Because a flat slab may fail, if not reinforced, under a much smaller 
load than if reinforced, does not vitiate the argument that tension in the 
concrete helps to carry the load and, in fact, carries a large part of it. 
Reinforcement in many directions prevents the start and spread of cracks. 
In a plain slab a weak point or shrinkage may start a crack, and because 
of the brittleness of the concrete, this crack may spread and cause failure. 
I have myself tested a floor where slabs on a 4-ft. span with a thickness of 
only about 2% in. carried without distress 250 lb. per square foot. There 
was not a wire of reinforcement in the slabs and many of the panels were 
cracked down the middle on account of shrinkage of the concrete. What 
was carrying this load, if it was not tension in the concrete? 

The experiment in the “criticism” of a slab supported on two edges 
and on four edges and loaded at the center does not have application to, 
the Joint Committee’s rules for such flat plates, as a uniform load and 
not a center load is referred to. 

A. V. Bexay (By Letter) —The following criticism is made of the 


Joint Committee’s report: 


Mr. Bekay. 


Mr. Bekay. 


Mr, Ahlers. 


416 Discussions on Jornr ComMirrer Report. 


PAR, 145.—Thickness of Flat Slab.—-The formula No. 37 is too compli- 
cated. A much better one is that used by the New York City building code; 
viz., t= 0.02 By {ire 

PAR. 148.—According to this paragraph if the marginal beam is of 
a depth less or equal to the drop panel, then it need not be designed to 
take any part of the slab load in addition to the load superimposed directly 
upon it. But just as soon as the marginal beam is made deeper than the 
dropped panel, then it has to be designed to take at least one-fourth of the 
slab load that the adjacent panels are designed for. 

It does not seem reasonable to design the marginal beam for no floor 
load at all in the first case, and then design it for one-fourth the floor load 
in the second case, with no provision for a gradual increase from the first 
case to the second. 


PAR. 153.—Too many different lengths are called for and it is far 
better to put in a few extra bars than so many different lengths from the 
practical point of erection and construction. 

By adopting the proposed standard specifications, the following items 
would appreciably increase the cost of the structures: 

Longer slab bars to handle. 

Three different lengths of bars to every main band. 

Two different lengths of bars to every mid band. 

Design of structure would take about 20 per cent more time owing 
to the complicated formulas. 

Approximately 35 per cent more steel required, than under the present 
New York City code. 

6. The steel due to variation will cost at least $5 per ton more to place. 


be as 


oO 


PAR. 165.—Permissible compressive stress in concrete limited to 
400 lb. for 2,000-lb. concrete is too low. New York is using 500 lb. and 
this should not be decreased. 


PAR. 167.—The current practice of using 50 per cent excess stresses 
for combined axial load and bending is not unsafe and has been the current 
practice in New York City for, several years. There is no occasion for 
changing this unless it can be proved that this is unsafe. 

PAR. 182.—It is inconsistent for the dowels to be extended in the ped- 
estal to develop the full volume in tension unless these bars are actually 
in tension, and you cannot transmit any more stress than these bars are 
subject to in compression. This is simply increasing the cost of concrete 
work without any benefit to anyone. 

JOHN G. AHLERS (By Letter).—The following criticism is made of the 
Joint Committee’s report in the sections given below: 

41. Protection.—It is impractical to protect columns and the underside 
of slabs for seven days after being concreted and keep them moist. 

45. Rubble Ooncrete—If the rubbles are clean there will be as much 
chemical bond and setting on the individual pieces of rubble as there would 
be on the individual pieces of gravel aggregate, and there is no justification 
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in keeping the individual stones as far apart as the maximum size of coarse 
aggregate, It is impractical to place rubbie so carefully in concrete work. 

53. Forms.—lit is impractical to have nails withdrawn from forms 
when once used. 

68. Fire Protection.—This specification is prohibitive and unreasonable 
in its demands. Current practice of using %4 in. in slabs and 11% in. in 
beams has built millions of dollars’ worth of buildings in which the loss due 
to spalling is so insignificant in percentage to the total cost that this de- 
nrand is ridiculous in the penalty it would impose on the industry as a whole. 
This would increase the volume of the concrete 5 per cent or increase the 
steel correspondingly, which would mean an increase in cost of building of 
about 1 per cent on a total of $392,367,000 worth of industrial work for 
the year 1924, this being only 6 per cent of the total amount of building 
work in the United States, (Reference taken from annual survey of Archi- 
tectural Forum), or a total of $3,923,670 penalty on the industry, whereas 
the actual amount of damage to concrete buildings during this same period 
did not aggregate $100,000. 

70. Joints.——For practical reasons it is better to fill the columns to 
the top of the capital, as thus there are avoided laitance joints and seams 
far more harmful than any theoretical gain by pouring this capital with 
a slab. Certainly current practice is along the line of filling to the top 
of the capital and a better finished job is accomplished in this manner. 


Water H. WHEELER (By Letter).—The report of the Joint Committee 
on Standard Specifications for Concrete and Reinforced Concrete represents 
the results of a long study and investigation by a group of engineers who 
deserve the whole-hearted thanks of the profession. In many ways this 
report marks progress in the art of constructing reinforced concrete and it 
is to be hoped that it will aid in improving the quality of concrete and 
place the art of making concrete on a more exact and scientific basis. 
One great step has been taken in giving credit in the design of columns for 
stronger concrete which gives the engineer some latitude in design. 

There are certain features of the specifications with which the writer 
cannot agree: notably, the specification covering standard sizes for rein- 
forcing bars in Chap. IV, Sec. 22. It seems very fortunate that a group of 
steel manufacturers. should meet and decide upon a certain schedule of 
sizes and shapes to be rolled and adopt those sizes without getting the 
opinion of the entire engineering profession upon such a drastic change. 
The writer is in full accord with the purpose of simplified practice when 
that practice does not result in injury to any of the users of the product 
or products involved. The Division of Simplified Practice of the U. S. 
Department of Commerce states clearly in its statement of its principles 
that the number of users affected or the value of their output is not the 
controlling factor. If any part of the industry is damaged that is sufficient 
cause for giving that part consideration. Simplified practice means elimi- 
nate waste, not make waste. 

The scheduled sizes adopted by the Division of Simplified Practice con- 
tains one more size, namely, %4 in. round, than the schedule set forth 


Mr. Wheeler. 
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Mr. Wheeler, in the Joint Committee specifications. The writer wishes to enter his 


objections to this schedule of sizes for the following reasons: 

1. In the design of solid concrete slab construction, particularly light 
slabs, good practice requires that a maximum spacing center to center 
of main reinforcing bars will not exceed 114 times the effective depth of 
the concrete slab. 

2. There are a great many slabs constructed for which 3-in. round 
bars are too large to permit of this maximum spacing without using an 
excess amount of steel. ; 

3. The mill extra for %4-in. round bars over and above the base price 
is $1 per 100 lb. The mill extra on 5/16-in. round bars is 70¢ per 100 
Ib.; therefore, if 4%4-in. round bars are used where 5/16-in. round bars 
should be used, approximately 10 per cent is added.to the cost of the 
reinforcing required. 

4. If 3g-in. round bars are used and extra bars added to provide for 
maximum spacing, the weight of steel may be increased approximately 
50 per cent above the weight required if 5/16-in. round bars were available. 

5. Three-eighths-inch square bars or 7/16-in. round bars are another 
size for which there is a large use in reinforced-concrete construction. The 
mill extra for 7/16-in. round bars is 10¢ less per 100 lb. than for 3é-in. 
square bars of approximately the same sectional area. 

6. Sectional area of 1%%-in. round is practically the same as 1-in. 
square. The sectional area of 114-in. round is practically the same as 
14-in, square. 

7. Round bars in reinforced-conerete work, in my experience, are more 
satisfactory to handle, canbe embedded in the concrete work with more 
satisfactory results, and where the same depths from the concrete surface 
are maintained the round bar has more fireproofing than the square bar, 
unless the square bar is placed cornerwise, which cannot readily be done. 

Based upon the above considerations, the writer wishes to urge the 
committee to revise this schedule as follows: 


Round Bars 


Diam. In. Sq. In. 
VA .049 
5/16 077 
38 SK) 
7/16 .150 
Y% .196 
9/16 .249 
% 306 
4 44] 
is 601 
1 .785 
1% .994 
1% 1.227 


13% 1.485 
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Referring to Chapter VIII, Sec. 70: In the writer’s practice he has mr. Wheeler. 
never been able to discover any advantage in casting columns several hours 
ahead of casting slabs and beams for stories of ordinary height, provided 
the concrete does not contain an excessive amount of water, unless the 
columns contain a different concrete mixture from that in slabs and beams. 
He prefers to pour columns just ahead of pouring slabs and beams so that 
the concrete in the columns will have only about one-half hour to settle 
in advance of pouring slabs and beams. He prefers not have a construction 
joint in columns. 

Referring to Chap. IV, Sec. 25: Why does the committee specify cold 
drawn wire, which covers wire for spiral reinforcement? Why not also 
rolled rods, structural or intermediate grade? 

Referring to Chap. VIII, Sec. 74: From the writer’s observation, ex- 
pansion joints in buildings had better be omitted. In any building which 
is heated the temperature variation is small throughout the year. He 
has frequently observed that expansion joints in buildings are a source of 
trouble. Cracking in buildings due to temperature and shrinkage is usually 
well distributed and is very little affected by expansion joints 200 ft. apart. 

Referring to Chap. XI of the report: The writer like to feel that 
engineers base their conclusions on facts. The first thing he would expect 
to find in a report which recommends such wide departures from common 
design practice would be an imposing array of facts in the form of 
test data or at least a complete list of references to all published test 
data. Instead we are given the conclusions of the committee unsupported 
by a single test or test reference. 

Certainly if the committee expects their recommendations on design 
to be adopted by the profession as a standard it is up to them to show 
the authority for their conclusions. 

The writer has prepared a tabulated comparison of the Joint Com- 
mittee design of columns with that contained in the building ordinance of 
Minneapolis which is attached hereto, and which discloses some very 
remarkable values. 

Test data with which the writer is familiar do not tend to inspire 
confidence in rodded and tied columns for high beaming values, and he 
has always been under the impression that columns reinforced with a 
combination of vertical steel and spiral hooping in proper proportions and 
properly distributed are much more reliable columns under a high unit 
compression stress than tied columns. The records of failures in reinforced- 
conerete buildings support this belief. 

An examination of the table above referred to discloses that the 
Joint Committee recommends a unit stress based upon the core area of 
1180 lb. per square inch for a 12x 12-in. tied column and a unit stress 
upon the core area of a spiral hooped column with 4 per cent of vertical 
steel equal to 1325 Ib. per square inch. If these two columns are com- 
pared on the basis of total sectional area we find the unit stress of the 
tied column is 525 lb. per square inch and of the column reinforced with 
verticals and spirals is 463 Ib. per square inch, a most astonishing com- 
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Mr. Wheeler. Parison! If credit is to be given to the fireproofing on a column is there 
any basis upon which it can be given so much more credit in a tied column 
that in a spiral column? If the fireproofing is destroyed by fire as it has 
been, are we to prefer a tied column with a unit compression stress of 


TaBLE 1.—CoLuMN CoMPARISONS: BASED ON CoNCRETE STRENGTH 
or 2200 LB. PER SquaRE INcH. 


; A pees uulding Ordinance 
; A Spiral Cols. 800 Ib. per sq. in. on core 
Ne MEDD 10,000 Ib. per sq. in. on ver.? 
Considere Ration on Spirals 


Column Design 


Load per | Load per Load per | Load per 
Total Load, sq. in. sq.in. | Total Load, ak in. sq. in. 
Ib. Core, Total Area, lb. ore, Total Area, 
lb. Ib. Ib. Ib. 

Size 12 by 12in.......... 
Verticals 2 sq. in.......... 75,680 1,180 525 50,000 690 347 
Ties 14 in. rd.8in.cc...... 
Size 12 by 12in.......... | 
Verticals 2 sq. in. 4%..... 66,690 1,325 463 95,000 1,670 660 
Spiral 4 in. rd. 114 in. ce. . 
Size 14 by 14in........5. 
Verticals 3 sq. in.......... 104,720 1,047 535 76,125 690 388 
Tied Bins Aer. Pees 
Size 14 by 14im.......... 
Verticals 3 sq. in. 344%... 96,638 1,230 494 138,400 1,600 705 
Spirals 14 in. rd. 144 ce..... 
Size 16 by 16 in.......... 
Verticals 4 sq. in....... 137,280 955 537 106,000 680 414 
Ties 14 in. rd. 8 in. cc..... 


Size 16 by 16in.......... 


Verticals 4 sq. in. 344%...| > 189,373 1,235 544 175,500 1,425 685 
Spirals 14 in. rd. 134 in. ec... 


Size 18 by 18in.......... 


Verticals 6 sq. in.......... 179,520 915 555 147,000 700 454 
Ties 44 in. rd. 8 in. cc.... 


Size 18 by 18in.......... 
Verticals 6 sq. in. 3.9%... 205,300 1,335 633 242,300 1,470 750 
Spirals 14 in. rd. 114 in. ce. . 
Size 24 by 24in.......... 


. Verticals 11 sq. in......... 321,000 803 557 287,000 684 500 
Ties 14 in. rd. 8 in. ec..... 


Size 24 by 24in........... 
Verticals 11 sq. in. 319%. . 396,000 1,224 688 472,000 1,480 818 
Spirals 34; in. rd. 134 in. ec.. 
Size.80 by 300m. ..s- -ecee 


Verticals 18 sq. in......... 506,880 750 563 476,000 678 528 
Ties 14 in. rd. 8 in. ce 


Size 30 by 30in........... 


Verticals 18 sq. in. 3.4%... 655,000 1,195 728 784,000 1,455 870 
Spirals 3.8 in. rd. 2 in. ec... 


1180 lb. per square inch to a column with vertical reinforcing and spiral 
hooping and a unit stress of 1325 Ib. per square inch? 

Again referring to the tabulated comparison we find that the unit 
stress on the core area of tied columns according to the Joint Committee’s 


. 
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formula reduces from 1180 Ib. per square inch on the core area for a Mr, Wheeler. 
12x 12-in. column to 750 Ib. per square inch on the core area for a 30 x 30- 

in. column. The writer prefers to reverse the order and use higher unit 

stresses on large columns than on small columns if there is to be any 

difference. Again we find by an examination of the table that according 

to Joint Committee formulas a tied column is stronger than a column of 

equal size having 3% per cent vertical steel and. 0.9 per cent spiral rein- 

forcing for all columns of less than 16 in. outside diameter. 

It seems odd that the committee should introduce two items (P and A) 
into the formula for spirally hooped columns when one (A,) the sectional 
area of vertical steel is the product of P and A and is known. At this 
point attention should be called to the fact that the unit stress on the 
core area of the 14-in. round core column calculated according to the Min- 
neapolis building ordinance which is based on the Considere ratio for 
spirals is 1600 lb. per square inch. This is due to the fact that the spiral 
hooping is in excess of the “one-quarter of the vertical steel” required by 
the Joint Committee report 14-in. wire spirals would have a spacing of 
24% in., or more than the one-sixth of the core diameter allowed, and this 
spacing has been reduced which increases the amount of spiral. If allow- 
ance is made for the excess spiral the unit stress on the core area of the 
column designed according to Minneapolis code becomes 1450-1b. per square 
inch or substantially the same as for all other sizes considered except the 
12 inch column which also has an excess of spiral when based upon Joint 
Committee “one-quarter of the vertical steel” requirement. 

In the discussions which have appeared in connection with the pre- 
liminary reports of the Joint Committee the fact has been brought out by 
Mr. Godfrey and others, and tests have been referred to prove that very 
little strength is added to a column by vertical rods and light ties spaced 
far apart. Apparently the Joint Committee has either overlooked these 
tests or has ignored them. 

The column tests made by several different authorities and referred to 
by F. R. McMillan, a member of the committee, in the 1921 Proceedings 
of the American Concrete Institute indicate that a reinforced-concrete 
column made of concrete with an ultimate strength of 2600 lb. per square 
inch and reinforced with 4.6 per cent of vertical steel and 1 per cent of 
spirals develops an ultimate strength of 5,060 lb. and this is for concrete 
45 to 60 days old. It is fair to assume that this concrete had a strength 
at least 25 per cent. greater than at the age of 28 days. According to 
Joint Committee rules which would increase the spiral on this column to 
1.15 per cent the allowable load is 1365 lb. per square inch or 27% per 
cent of the yield point. 

According to tests by Turner and published in “Concrete Steel Con- 
struction,” Part I, by Eddy and Turner, columns having from 3.12 per cent 
to 5.17 per cent of vertical steel and from 2.01 per cent to 2.53 per cent 
of hooping developed an ultimate strength of 7,350 lb. to 8,850 lb. per 
square inch on the core area. The concrete in these columns was the 
equivalent of a 1:2: 4 mix. The reported yield point was only slightly 
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less than the ultimate strength. Upon the basis of the Joint Committee 
report the allowable working stress on these columns would not exceed 
about 1,400 Ib. per square inch or 19 per cent of the ultimate strength. 

It would seem from the foregoing considerations that the Joint Com- 
mittee Report is going forward in the art of making better concrete and 
backward in the working stresses that may be allowed upon it. 

To the writer’s knowledge there are hundreds of reinforced-concrete 
buildings in existence in the U. S. A. designed on the basis of the Con- 
sidere ratio for spirals: 12,000 Ib. per square inch in vertical steel and 
100 Ib. or more on the concrete core area. Some of these buildings have 
been through severe fires. Others have been grossly overloaded. The quality 
of the concrete in some is poor and in most of them not equal to the 
average that should be had for 1: 2:4 concrete under the committee’s 
specifications. As far as the writer knows there is no indication of distress 
in any such columns or has there ever been any. Mr. Godfrey referred 
in the 1921 transactions to the fact that there have been a number of 
failures of tied columns. Others have noted this fact. 

Where then does the Joint Committee find the evidence to justify 
their columu formulas? Why do they consider it necessary to demand a 
factor of safety of 4 to 5 on spirally hooped and vertically reinforced 
columns based upon the strength of concrete at the age of 28 days when 
they know that strength will probably increase by 50 per cent within 4 
to 6 months and when they also know that these columns will not receive 
their full load in less than 3 months after they are poured in the case of 
any average building in which high column stresses are required? Why 
are tied columns given such a preference? Why require a factor of safety 
of 5 or 6 on reinforced concrete which grows stronger with age and a 
factor of safety of 2 or 3 on steel columns which grow weaker with age. 

Referring to the provisions covering design of T-beams. According 
to the rules laid down, if a building has a girder span of 40 ft. and a 
clear slab span of 16 ft. and the slab is 6% in. thick the part of the slab 
considered as belonging to the T-section of the beam would be 52 in. wide 
on each side of the beam, but if the span of the beam is reduced to 30 ft. 
and the beam is 16 in. wide the T could be only 37 in. wide on each side 
of the beam and if the span reduces to 20 ft. and the beam to 12 in. wide 
the T reduces to 24 in. wide on each side of the beam or less than half the 
width for a 40-ft. span. The writer is unable to find any basis in tests or 
elsewhere for such a rule. 

In the matter of the design of flat slabs the writer is certain, based 
upon his experience and observation as well as upon many records of 
tests that the committee is far from the truth in the solution of this 
problem. - 

In the first place the writer desires to offer certain facts in evidence 
which he has observed and which others have noticed (see F. R. McMillan 
in 1921 Proceedings, American Concrete Institute). Moderate sags in flat 
slab floors which gradually manifest themselves even in floors which are 
not loaded are not evidence of weakness any more than are similar sags 
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in wood joist construction floors. There is scarcely a wood joist floor to yr. Wheeler. 
be found that has no sags. The sags in concrete slabs referred to are the 

result of shrinkage in the concrete and of readjustments in the concrete 

matrix, resulting from various causes but usually noticeable in concrete 

which has been mixed and placed wet or overstressed when green by too 

early removal of forms or settlement of forms. These same phenomena 

seem to manifest themselves in columns by slight shortening of the columns, 

as observed by IF. R. McMillan and M. B. Lagaard. 

There has been much discussion of flat-slab theory and many tests 
published. The writer is disappointed that the Joint Committee has 
been unable to bring about a closer reconciliation between theory and fact 
than is shown by their report. 

Let us take two constructed buildings for example, both of which are 
ten years old and in neither of which is there any evidence of cracking 
or any settlements manifest, or weaknesses of any kind. These buildings 
have been carrying their normal floor loads for some ten years past. 

The first building has maximum panels 15 ft. 3% in. x 8 ft. 0 in. 
The concrete floor slab is 64% in. thick. The columns are 16 in. square. 
The column capitals have a flare of 3 in. and a depth of 4 in. There are 
no depressions. Part of the building is only two panels wide. ‘There is 
only one-half as much steel in the slab as is required by the Joint Com- 
mittee formula. The concrete was of average quality. The building is 
partitioned for offices above the first floor. The first floor is open so that 
no support to floors is given by partitions. 

This same building designed according to Joint Committee Rules 
would require a total thickness of slab and drop panel of 11 in. with a drop 
panel 6 ft. 0 in. x 5 ft. 1 in. x 5 in. and 6-in. slab between drop panels. It 
would require 100 per cent more steel calculated on the basis of 18,000 
lb. per square inch for positive moment than was put into the slab when 
built. 

The other building referred to is two panels wide, one panel being 
6 ft. longer than the other. The first floor is open, the upper floors are 
partitioned. The panels are 22 ft. x 16 ft. The slab is 7% in. thick. 
The columns are 16 in. square. The.capitals have a flare of 3 in. x 4 in. 

This same building designed according to Joint Committee Rules 
would require a total thickness of 13% in. for slab and drop panel; drop 
panels 7 ft. 4 in. x 5 ft. 4 in. x 6 in. thick, with an 8%-in. slab between 
panels; reinforcing would be about 100 per cent more for positive moment 
than went into the slab when constructed. The above buildings are two 
out of many similarly constructed that could be mentioned and that show 
similar evidence of being designed to meet the requirements. 

If the writer correctly understands the formulas of the Joint Com- 
mittee for four-way slabs without depressions, the compression on the 
concrete in the last described slab due to negative moment at normal load 
would equal 1500 lb. per square inch on the outer fiber. The compression 
due to positive moment in the outer fiber would equal 1190 lb. per square 
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inch and the tension in the steel at midspan would equal 39,000 lb. per 
square inch. The steel used had an ultimate strength of 55,000 lb. to 
60,000 lb. per square inch and a yield point around 32,000 lb. per square 
inch. No compression tests were made on the concrete. The mix was 
1: 2:4 placed moderately wet. The coarse aggregate was good but the 
fine aggregate was rather poor so that it is not likely that the concrete 
would show more than 2,000 lb. per square inch in 28 days. Now if the 
actual stresses are equal to those determined by Joint Committee formulas 
there must be some miraculous qualities in a flat slab which not only 
make it stand up but prevent it from showing any deflections with such 
stresses existing. 

Another building with which the writer is familiar is designed to 
carry a working live-load of 300 lb. per square foot upon the same basis 
as the two buildings hereinbefore described, except that the column capitals 
have a diameter equal to 0.18 of the span, but no drop panels. This build- 
ing is about 14 years old. It carried for several months of each successive 
year a working live-load of 425 lb. per square foot over almost the full 
area of the entire floors of the building. The steel is the same grade as 
that previously described of low ultimate strength and yield. The concrete 
is the same mix but the aggregates were better. The floors after all these 
years of such severe usage hold their shape and are apparently as good 
as when the building was first constructed. There are a great many build- 
ings and other structures which to the writer’s knowledge were similarly 
designed and have a similar good record of performance. It is certain 
they would not show this record if the formulas of the committee are - 
correct or approximately correct. 

The committee attempts to account for the great strength of flat slabs 
of some designs as compared with their calculated strength on the assump- 
tion that it is the tensile strength of the concrete. The writer has no 
faith in the truth of this assumption. He believes that the trouble with 
the Joint Committee’s formula is the result of their failure to give the 
effects of shear and combined twisting and bending proper weight. They 
have given some credit to these agencies and it is enough for slabs designed 
on beam-strip theory. The writer sincerely hopes that the committee will 
make another attempt to solve this problem. Until such time the writer 
prefers to rely upon the theory of flat slabs as devised by H. T. Eddy and 
which agrees closely with results actually attained in the field rather than 
to accept a theory which does not agree with field results and which must 
be explained by giving credit to the tensile strength of concrete although 
in Chap. II, Art. 103, Item (e) of the report that tensile strength is 
assumed to be neglected. 

The impression seems to be quite general in the engineering and archi- 
tectural professions that flat-slab construction is not applicable to light 
construction buildings. The writer has found the reverse to be true. Prop- 
erly designed flat slabs are ideal construction for light-load buildings, but 
unfortunately many of our city building codes are so drawn as to preclude 
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their use. In applying flat-slab construction or any other reinforced-con- Mr. Wheeler. 
crete construction or any construction to light-load buildings it is neces- 
sary to give consideration to the construction loads which may come upon 
the floors. Reinforced-concrete slabs which are overstrained during con- 
struction or while green can not be relied upon to hold their shape although 
they may he perfectly satisfactory as to strength. There is a tendency 
among contractors and workmen to look upon a reinforced-concrete floor 
much as they do a pavement in the street and to load it accordingly. It 
is entirely practical to avoid careless overloading of floor slabs during 
construction, but slabs should be designed for loads which provide for 
practical construction methods and this cannot be done when such loads 
as 40 lb. and 50 lb. per square foot are the basis of slab design. 

On the other hand it is not necessary to provide for construction loads 
in the design of columns in the ordinary building. In the writer’s experi- 
ence part of the prejudice against flat-slab construction for light-load 
buildings and buildings which are to be partitioned can be traced to this 
damage during construction and it is naturally more manifest, in the 
case of such slabs than other types of construction where slabs are thicker 
in proportion to span. However, the writer has observed this same diffi- 
culty with other forms of construction, such as one-way slabs and joist 
slabs. It is a matter which can be and should be covered in building 
codes, and which engineers should provide for in their designs regardless 
of building code requirements. 

With further reference to the use of flat-slab construction in buildings 
of light construction: The writer has employed it very successfully in a 
good many bank buildings, office buildings, hotels, apartments, clubs, 
schools, university buildings, institutions of various kinds, churches, city 
halls, court houses, state capitol buildings, retail stores and others. In 
the Middle West the writer has found that for a ten- or twelve-story 
office building flat-slab construction will save from 15 to 20 ¢. per square 
foot of floor area on the first cost of the building when designed according 
to our methods, and that there is also a substantial saving in the cost of 
operating and maintaining the building after it is built. For further in- 
formation on this subject reference is made to page 20 of “Buildings and 
Building Management,” issue of Sep. 4, 1922. Under the proposed Joint 
Committee specifications it would be impractical to use flat-slab construc- 
tion for such buildings. ; 

The writer is a firm believer in the principle that successful engineer- 
ing means securing by engineering designs, maximum economy in con- 
struction without sacrificing strength, durability, utility or appearance, 
and that such engineering is a national asset. On the other hand he be- 
lieves just as firmly that wasteful engineering designs are not the result 
of successful engineering and are a national liability. We must get the 
truth and the whole truth as far as it is humanly possible about the 
design and construction of reinforced concrete. The writer wishes to again 
commend the committee and to urge them to further effort. 


[Further pertinent discussion starts on p. 461.—Hditor.] 


REINFORCED ConcrETE BUILDING DESIGN AND SPECIFICATIONS. 
Submitted by Committee E-1. 


This committee was requested by the Board of Direction to prepare 
standard building regulations for the use of reinforced concrete using as a 
basis, the provision of the Standard Specifications for Concrete and Rein- 
forced Concrete of the Joint Committee Report for 1924. 

The committee submits, herewith, a draft of such regulations. This 
draft was prepared by a sub-committee of five members with the aid of 
written discussions of the Joint Committee Report from other members 
of the committee. The draft was thoroughly considered at an all-day and 
evening session of the full committee on Feb. 23 and a half day’s session 
Feb. 24. During these sessions, there was an attendance of 13 members 
of the committee. 

In the preparation of this draft, the committee found it desirable to 
omit many items covered by the Joint Committee Report as not being mat- 
ters proper for consideration in a Building Regulation. It was also neces- 
sary to modify the language and greatly condense many other provisions. 
In still other cases, the committee being unable to agree in all respects 
with the provisions in the report, made such changes as in its judgment 
were necessary or desirable. It was also necessary to add certain sections 
not included in the Joint Committee Report. 

The committee submits this report with the request that the members 
of the Institute and others interested, submit suggestions or criticisms of 
the proposed regulations. It is the program of the committee to continue 
the study of this draft and to prepare for submission to the Institute for 
adoption at its next convention, a Tentative Standard Building Regulation 
for the use of Reinforced Concrete. 

The rules of the Institute require that proposed tentative standards 
be preprinted and circulated 30 days prior to the convention. This will 
require that suggestions should be in the hands of the committee chairman 
not later than Sept. 15, 1925. The membership is urged to send in dis- 
cussion to aid the committee in the preparation of the tentative standards. 


F. R. McMitxan, Chairman. 
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PRELIMINARY Drarr or Proposep STANDARD BuiLtpine REGULA- 
TIONS FOR THE USE or REINFORCED CONCRETE. 


CHAPTER A. 
INTRODUCTION. 


A-1: Scope.—These regulations are drawn to cover the use of rein- 
forced concrete in any structure to be erected under the provisions of the 
building code of which they form a part. They are intended to supplement 
the general provisions of the code in order to provide for the proper design 
and construction of structures of this material. In all matters pertaining 
to the design and construction where these specific regulations are in con- 
flict with other provisions of the code, these regulations shall govern. 

A-2: Application for Permit—Application for permit to erect or alter 
a reinforced concrete structure shall, in addition to complying with the 
general requirements of the code, be accompanied by duplicate sets in blue- 
print form of drawing which shall fully show the essential structural de- 
tails by plans, elevations, sections and bending diagrams. Plans shall be 
legibly drawn to an appropriate scale. The principal distances and dimen- 
sions shall be accurately shown in figures, and the floor loads and strength 
of concrete for which the structure is designed shall be clearly indicated. 
The grade of reinforcing steel to be used, whether plain or deformed bars, 
and all other information necessary to permit the commissioner of build- 
ings or his authorized representative to determine whether the design con- 
forms with these regulations shall be given. 

Each plan and drawing shall bear the seal of the architect or engineer 
as required by the law in this city or state. 

The application for permit shall be made by the owner or his repre- 
sentative and shall be accompanied by a certificate signed and sealed by 
the architect or engineer responsible for the design stating that the con- 
struction shown on the plans and details submitted complies with these 
regulations. 

A-3: Approved Drawings to be at the Work.—One set of drawings 
bearing the approval of the commissioner of buildings shall be returned 
to the applicant when permit to erect or alter is issued. This shall be 
kept at the site of the construction work at all times until the acceptance 
of the structure. The other set approved in like manner shall be kept by 
the commissioner of buildings for a period of two years after the accept- 
ance of the structure. 

A-4: Ohanges in Plans.—If any changes from the approved plans, 
affecting the strength of the structure or the compliance with any other 
provision of the code are contemplated at any time, revised blueprints in 
duplicate showing the revised construction and details, shall be submitted 
to the commissioner of buildings and his approval secured before such 
changes are made. The approved revised drawings shall replace those 
rendered obsolete both at the work and in the office of the commissioner of 


buildings. 
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A-5: Violations of These Regulations——Should any portion of the 
construction violate these regulations or other provisions of the code, the 
same shall be remedied to comply with the requirements or the construc- 
tion shall be rated for its safe carrying capacity as computed under these 
regulations. 

A-6: Acceptance of the Structuwre——Upon the completion of the struc- 
ture the owner or his representative shall notify the commissioner of build- 
ings who shall make or authorize to be made by his representative, a final 
inspection and shall issue a certificate of acceptance. 

No structure shall be used or occupied until it has been accepted and 
such certificate issued. The acceptance of the structure in this manner 
shall not prevent the city from requiring full compliance with these regu- 
lations should any violations be subsequently discovered. 

A-7: Posting of Loads—The commissioner of buildings shall issue 
signed placards to be posted on each floor, showing the maximum safe load 
per square foot which may be placed on the floor. It shall be unlawful to 
load any such floors or any part thereof to a greater extent than the loads 
indicate on such placards. 


CHAPTER B. 
DEFINITIONS. 


B-1.—The following definitions give the meaning of certain terms as 
used in these regulations: 

Aggregate.—Inert material which is mixed with portland cement and 
water to produce concrete; in general, aggregate consists of sand, pebbles, 
gravel, crushed stone, or similar materials. 

Anchorage—The embedment in concrete of a portion of a reinforce- 
ment bar, either straight or with hooks, designed to prevent pulling out 
or slipping of the bar when subjected to stress. (The anchorage of ten- 
sion reinforcement in beams includes only the embedded length beyond a 
point of contra-flexure or of zero moment.) 

Column.—An upright compression member the length of which ex- 
ceeds three times its least lateral dimension. 

Column Capital—An enlargement of the upper end of a reinforced 
concrete column designed and built to act as a unit with the column and 
flat slab. 

Column. Strip.—One of two strips in a flat slab panel each 44 panel 
in width, occupying the two quarter panel areas outside of the middle 
strip. (See Middle Strip.) 

Composite Column.—A circumferentially reinforced concrete column 
with a core of structural steel or cast iron which is designed to carry a 
portion of the load. 

Concrete——A mixture of portland cement, fine aggregate, coarse aggre- 
gate and water. (See Mortar.) 

Consistency.—A general term used to designate the relative plasticity 
of freshly mixed concrete or mortar. 
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Dead Load.—The weight of the permanent parts of the structure. 

Deformed Bar.—Reinforcement bar with shoulders, lugs, or projections 
formed integrally with the bar during rolling. 

Diagonal Direction.—A direction parallel or approximately parallel to 
the diagonal of the panel of a flat slab. 

Dropped Panel.—The structural portion of a flat slab which is thick- 
ened throughout an area surrounding the column capital. 

Effectwe Area of Concrete.—The area of a section of the concrete 
which lies between the tension reinforcement and the compression surface 
in a beam or slab. 

Effective Area of Reinforcement.—The area obtained by multiplying 
the right cross-sectional area of the metal reinforcement by the cosine of 
the angle between its direction and that for which the effectiveness of the 
reinforcement is to be determined. 

Flat Slab.—A concrete slab having reinforcement bars extending in 
two or more directions without beams or girders to carry the load to sup- 
porting members. 

Footing.—A structural unit used to distribute wall or column loads 
to the foundation materials. 

Gravel.—Rounded particles larger than sand resulting from the natu- 
ral disintegration of rocks. (See Sand.) 

Laitance.—Extremely fine material of little or no hardness which may 
collect on the surface of freshly-deposited concrete or mortar, resulting 
from the use of excess mixing water, and usually recognized by its rela- 
tively light color. 

Live Load.—Loads and forces other than the dead load. 

Middle Strip.—A portion of a flat slab panel one-half panel in width, 
symmetrical with respect to the panel center line and extending through 
the panel in the direction in which moments are being considered. 

Mortar—A mixture of portland cement, fine aggregate and water. 
(See Concrete.) 

Negative Remforcement.—Reinforcement so placed as to take tensile 
stress due to negative bending moment. 

Panel Length.—The distance in either rectangular direction between 
centers of two columns of a panel. 

Pedestal.—An upright compression member whose height does not ex- 
ceed three times its least lateral] dimension. 

Pedestal Footing.—A column footing projecting less than one-half its 
depth from the faces of the column on all sides and having a depth not 
more than three times its least width. 

Plain Concrete——Concrete without metal reinforcement. 

Portland Cement.—The product obtained by finely pulverizing clinker 
produced by calcining to incipient fusion an intimate and properly pro- 
portioned mixture of argillaceous and calcareous materials, with no addi- 
tions subsequent to calcination excepting water and calcined or uncalcined 


gypsum. 
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Positive Reinforcement.—Reinforcement so placed as to take tensile 
stress due to positive bending moment. 

Principal Design Section.—The vertical sections in a flat slab on which 
the moments in the rectangular directions are critical. (See Section K-2.) 

Ratio of Reinforcement.—The ratio of the effective area of the rein- 
forcement cut by a section of a beam or slab to the effective area of the 
concrete cut by that section. 

Rectangular Direction—A direction parallel to a side of the panel of 
a flat slab. 

Reinforced Concrete.—Concrete in which metal is embedded in such a 
manner that the two materials act together in resisting forces. 

Sand.—Small grains resulting from the natural disintegration of 
rocks. (See Gravel.) 

Screen.—A metal plate with closely spaced circular perforations. (See 
Sieve. ) 

Sieve.—Woven wire cloth with square openings. (See Screen.) 

Strut.—A compression member other than a column or pedestal. 

Wall Beam.—A reinforced concrete beam which extends from column 
to column along the outer edge of a wall panel. 


CHAPTER C. 
MATERIALS AND TESTS. 


C-1: Tests—The tests called for in these regulations when ordered 
by the commissioner of buildings or his authorized representatives shall be 
arranged for by the owner or his representative. No responsibility for the 
expense of these tests shall attach to the Department of Buildings. Such 
tests shall be made in accordance with the standard method of test cover- 
ing the particular material under consideration, of the American Society 
for Testing Materials in effect on the date of the adoption of these regu- 
lations. 

All such tests shall be made by competent persons approved by the 
commissioner of buildings and copies of the results shall be kept on file 
in the office of the commissioner of buildings for a period of two years 
after the acceptance of the structure. 

Tests shall be made on any material entering into concrete or rein- 
forced concrete construction when in the opinion of the commissioner of 
buildings or his authorized representative, there is any doubt as to its 
suitability for the purpose. 

The commissioner of buildings or his authorized representative shall 
have the right to require tests of the concrete from time to time to deter- 
mine whether the materials and methods in use are such as to produce 
concrete of the necessary quality. Specimens for such tests shall be taken 
at the place where concrete is being deposited, and shall be taken, cured 
and tested in accordance with the standards of the American Society for 
Testing materials in effect on the date of adoption of these regulations. 
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C-2: Load Tests—The commissioner of buildings or his authorized 
representative shall have the right to order the test under load of any 
portion of a completed structure, when the conditions have been such as to 
leave any doubt as to the adequacy of the structure to serve the purpose 
for which it was intended. Such tests shall not be required to be made on 
any concrete construction which is less than 60 days old. 

In such tests, the member or portion of the structure under con- 
sideration shall be subject to a superimposed load equal to 1% times the 
live-load plus 1% of the dead-load. This load shall be left in position for 
a period of 24 hours before removal. If during the test, or upon removal 
of the load, the member or portion of structure shows signs of failure, the 
commissioner of buildings shall have the right to rate the structure, or 
such portions thereof as are of the same character as the portions tested, 
for live-load less than that for which it was designed. 

The holder of a permit for the construction of any building which, 
through failure of portions to pass the test, has been rated for a live-load 
less than that for which it was designed, shall have the right to submit 
other portions of the building to test and any portions which he can 
show to be satisfactory for the designed load shall be exempt from the 
application of the reduced live-load rating. He shall also have the right 
to retest any portion of the structure, provided sufficient time has elapsed 
and proper effort been made to correct the defects. If the portions retested 
prove satisfactory to the commissioner of buildings, the designed live-load 
rating shall be restored on all portions which have been similarly corrected. 

In tests applied to determine the suitability of slab or beam construc- 
tion, the structure will be considered to have failed to pass the test if 
within 24 hours after the removal of the load the slabs or beams do not 
show a recovery of at least 75 per cent of the maximum deflection shown 
during the 24 hours while under load. 

C-3: Inspection.—All concrete work shall be inspected by the architect 
or engineer responsible for its design or by a competent representative 
responsible to the architect or the engineer. A record shall be kept of 
such inspection which shall cover the quality and quantity of concrete 
materials, including water, the mixing and placing of the concrete, and 
the placing of the reinforcing steel. ‘The inspection record shall also in- 
clude a complete record of the progress of the work and of the tempera- 
tures, when these fall below 40 deg. F., and of the protection given to 
the concrete while curing. These records shall be available for inspection 
by the commissioner of buildings at all times during the progress of the 
work and shall be preserved for two years after the acceptance of the 
structure. 

C-4: Portland Cement.—Portland cement shall conform to the Stand- 
ard Specifications and Tests for Portland Cement (Serial Designation C 
9-21) of the American Society for Testing Materials. 

C-5: Concrete Aggregates.—Concrete aggregates shall consist of natu- 
ral sands and gravels, crushed rock, air-cooled blast-furnace slag or other 
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inert materials having clean, uncoated grains of strong and durable min- 
erals and shall meet the approval of the commissioner of buildings. Aggre- 
gates containing soft, friable, thin, flaky, elongated or laminated particles 
totaling more than 3 per cent, or containing shale in excess of 144 per 
cent, or silt and crusher dust finer than the No. 100 standard sieve in 
excess of 2 per cent shall not be used. These percentages shall be based 
on the weight of the combined aggregate as used in the concrete. When all 
three groups of these deleterious materials are present in the aggregates, 
the combined amounts shall not exceed 5 per cent by weight of the com- 
bined aggregate. Aggregates shall not contain strong alkali, or organic 
material which gives a color darker than the standard color when tested 
in accordance with the standard colorimetric test of the American Society 
for Testing Materials. 

The maximum size of the aggregate shall be not larger than one-fifth 
of the narrowest dimension between forms of the member for which the 
concrete is to be used nor larger than three-fourths of the minimum clear 
spacing between reinforcing bars. By maximum size of aggregate is meant 
the clear space between the sides of the smallest square opening through 
which 95 per cent by weight of the material can be passed. 

C-6: Water—Water used in mixing concrete shall be clean, and free 
from injurious amounts of oil, acid, alkali, organic matter or other dele- 
terious substances. 

0-7: Metal Reinforcement.—Metal reinforcement shall conform to the 
requirements of the Standard Specifications for Billet Steel, Concrete Re- 
inforcement Bars of Structural or Intermediate Grade (Serial Designa- 
tion: Al5-14) of the American Society for Testing Materials. Hard-grade 
billet steel meeting the requirements of the above specification (A 15-14) 
or rail steel meeting the requirements for Rail Steel Concrete Reinforce- 
ment Bars (Serial Designation A 16-14) of the American Society for Test- 
ing Materials, may be used for bars %4 in. in size and smaller or for 
larger sizes where no bending is required. The provision in these speci- 
fications for machining deformed bars before testing shall be eliminated. 

Metal reinforcement, to receive the rating of “deformed bars” which 
permits the use of higher bond stresses than for plain bars, shall show a 
bond strength 25 per cent greater than that shown by plain bars of equiva- 
lent cross-sectional area.* 

C-8: Storage of Materials—Cement and aggregates shall be stored at 
the work in a manner to prevent deterioration or the intrusion of foreign 
matter. Any material which has deteriorated or has been damaged shall 
be immediately and completely removed from the work. 


CHAPTER D. 
CONCRETE QUALITY AND PROPORTIONS. 
D-1: Concrete Quality.—Provisions for the design of structures em- 
bodied in these regulations are based on the presumption of concrete of 


* The committee has under consideration a test for bond which it will pro- 
pose as a basis for judging the bond value of different bars. 
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certain strength. To produce concrete of the required strength, the pro- 
portion of the mixing water to the cement shall be accurately controlled. 
To obtain the strengths indicated in the following table, the ratio of water 
to cement shall be in the proportions shown. The strengths indicated rep- 
resent the minimum ultimate strength in compression which may be ex- 
pected at 28 days when cured and tested as specified in Section O-1.* 


PROPORTION OF MIXING WATER TO CEMENT.* 


Ultimate Strength Water-Cement Ratio 
Used in Design U.S. Gal. of Water Per Sack 
lb. per sq. in. of Cement. 
1500 8% 
2000 7%, 
2500 6% 
3000 5% 


Water or moisture contained in the aggregates must be included in deter- 
mining the ratio of water to cement. 

All structural drawings and plans submitted for approval shall show 
the strength of concrete to be used and the water-cement ratio necessary 
to produce that strength as per this table. Such note indicating the water 
required shall clearly state that this quantity of water includes that con- 
tained in the aggregates. 

D-2: Concrete Proportions and Oonsistency—The proportions of ag- 
gregates to cement for concrete of any water-cement ratio shall be such 
as to produce concrete that will work readily into the corners and angles 
of the form and around the reinforcement without excessive puddling or 
spading and without permitting free water to collect on the surface. The 
combined aggregate shall be of such composition of sizes that when sepa- 
rated by the. No. 4 standard sieve, the weight retained on the sieve shall 
not be less than one-half nor more than two-thirds of the total nor shall 
the amount of coarse material be such as to produce harshness in placing 
or honeycombing in the structure. When forms are removed, the faces and 
corners of the members shall show smooth and sound throughout. 

D-3: Control of Proportions——The methods of measuring concrete ma- 
terials shall be such that the proportion of water to cement can. be accu- 
rately controlled during the progress of the work and easily checked at 
any time by the commissioner of buildings or his authorized representative. 
A tolerance of 1% gal. of water per sack of cement in any batch of concrete 
will be allowed provided that the average for any 10 consecutive batches 
does not show a water content greater than that shown in the table and on 


plans as specified in Section D-1. 


* Attention is called to the fact that these proportions of water to cement 
are based on a wide range of tests and experience and therefore they may be 
expected to apply to a majority of cases. However, there may be localities 
where the available materials are such that different water-cement ratios are 
required for the strengths indicated. It would be advisable therefore for each 
municipality to conduct the necessary tests .to determine the suitability of these 
limits. For the purpose of a building code it is recommended that the strengths 
specified be not over 80 per cent of the average values shown by the tests, 


434 ConcrerE BuInpING DESIGN AND SPECIFICATIONS. 


The method of delivering the aggregates to the work and of storing 
and handling shall be such that the moisture content of the aggregates as 
they come to the mixer shall not be subject to frequent or unnecessary 
changes. 


CHAPTER, E, 
MIXING AND PLACING CONCRETE. 


E-1: Miwing—The concrete shall be mixed until there is a uniform 
distribution of the materials and the mass is uniform in color and homo- 
geneous. In machine mixing, only batch mixers shall be used. Each batch 
shall be mixed at least one minute after all the materials are in the mixer 
and must be completely discharged before recharging. 

E-2: Cleaning Forms and Equipment.—Before placing concrete all 
equipment for mixing and transporting the concrete shall be cleaned, all 
debris shall be removed from the places to be occupied by the concrete, © 
forms shall be thoroughly wetted (except in freezing weather) or oiled, 
and clay tile that will be in contact with concrete shall be well drenched 
(except in freezing weather). Reinforcement shall be thoroughly cleaned 
and secured in position. Concrete shall not be placed until the forms and 
reinforcement have been inspected by the architect or engineer responsible 
for the design. 

E-3: Removal of Water from Hacavation.—Water shall be removed 
from excavations before concrete is deposited, unless otherwise directed by 
the commissioner of buildings. Any flow of water into the excavation shall 
be diverted through proper side drains to a sump, or be removed by other 
approved methods which will avoid washing the freshly deposited concrete. 
Water vent pipes and drains shall be filled by grouting or otherwise, after 
the concrete has thoroughly hardened. 

E-4:- Transporting.—Concrete shall be handled from the mixer to the 
place of final deposit as rapidly as practicable by methods which shall pre- 
vent the separation or loss of the ingredients. It shall be deposited as 
nearly as practicable in its final position to avoid rehandling or flowing. 
Under no circumstances shall concrete that has partially hardened be 
deposited in the work. 

When concrete is conveyed by chuting, the plant shall be of such size 
and design as to insure a practically continuous flow in the chute. The 
slope of the chute shall be such as to allow the concrete to flow without 
separation of the ingredients. The delivery end of the chute shall be as 
close as possible to the point of deposit. When the operation is inter- 
mittent, the spout shall discharge into a hopper. The chute shall be thor- 
oughly flushed with water before and after each run; the water used for 
this purpose shall be discharged outside the forms. 

E-5: Placing—Concrete shall be thoroughly compacted by puddling 
with suitable tools. In thin walls or inaccessible portions of the forms 
where rodding or spading is impracticable, the concrete shall be worked 
into place by tapping or hammering the forms adjacent to the freshly de- 
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posited concrete. When necessary, openings shall be provided in the forms 
to permit the placing of concrete in such a manner as to avoid accumu- 
lations of hardened concrete on the forms or reinforcing bars. The con- 
crete shall be thoroughly worked around the reinforcement, around em- 
bedded fixtures, and into the corners of the forms. 

E-6: Cuwring—Exposed surfaces of concrete shall be kept moist for a 
period of at least 7 days after being deposited. 

E-7: Depositing in Cold Weather—When depositing concrete at freez- 
ing or near freezing temperatures, the concrete shall have a temperature of 
at least 40 deg. F., but not more than 120 deg. F. The concrete shall be 
maintained at a temperature of at least 50 deg. F. for not less than 72 
hours after placing or until the concrete has thoroughly hardened. When 
netessary, concrete materials shall be heated before mixing. Dependence 
shall not be placed on salt or other chemicals for the prevention of 
freezing. 

E-8: Bonding Fresh and Hardened Concrete.—Before depositing new 
concrete on or against concrete which has set, the forms shall be retight- 
ened, the surface of the set concrete shall be roughened, cleaned of foreign 
matter and laitance, and thoroughly wetted but not saturated. To insure 
excess mortar at the juncture of hardened and newly deposited concrete, 
the cleaned and wetted surfaces of the hardened concrete, including vertical 
and inclined surfaces, shall be slushed with a coating of 1: 2 cement mor- 
tar against which the new concrete shall be placed before the mortar has 
attained its initial set. 


CHAPTER F. 
FORMS AND DETAILS OF CONSTRUCTION. 


F-1: Design of Forms.—Forms shall conform to the shape, lines and 
dimensions of the member as called for on the plans. 

Forms shall be substantial and sufficiently tight to prevent leakage of 
mortar; they shall be properly braced or tied together so as to maintain 
position and shape and insure safety to workmen and passersby. If ade- 
quate foundation for shores cannot be secured, trussed supports shall be 
provided. 

Temporary openings shall be provided at the base of column and wall 
forms, and at other points where necessary, to facilitate cleaning and in- 
spection immediately before depositing concrete. 

F-2: Removal of Forms.—Forms shall not be disturbed until the con- 
crete has hardened sufficiently to permit their removal with safety. Shor- 
ing shall not be removed until the member has acquired sufficient strength 
to safely support its weight and the load upon it. Members subject to 
additional loads during construction shall be adequately shored to support 
both the member and construction loads in such a manner as will protect 
the member from damage by the loads. 

F-3: Oleaning and Bending Reinforcement.—Metal reinforcement, be- 
fore being placed, shall be thoroughly cleaned of loose mill and rust scale 
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and of other coatings that will destroy or reduce the bond. Reinforcement 
shall be carefully formed to the dimensions indicated on the plans. Cold 
bends shall be made around a pin eae a diameter of four or more times 
the least dimension of the bar. ¢ 

Metal reinforcement shall not be bent or straightened in a manner that 
will injure the material. Bars with kinks or bends not shown on the 
plans shall not be used. Heating of reinforcement will be permitted only 
when approved by the commissioner of buildings. 

F-4: Placing Reinforcement.—Metal reinforcement shall be accurately 
placed and secured, and shall be supported by concrete or metal chairs or 
spacers, or metal hangers. The minimum clear distance between parallel 
bars shall be 1144 times the diameter for round bars or 114 times the diago- 
nal for square bars; if the ends of bars are anchored as specified in 
Sec. J-5, the clear spacing may be made equal to the diameter of round 
bars or to the diagonal of square bars, but. in no case shall the spacing 
between bars be less than 1 in., nor less than 11/3 times the maximum 
size of the coarse aggregate. Bars at the upper face of any member shall 
be embedded a clear distance of not less than one diameter. 

F-5: Splices and Offsets in Reinforcement.—In slabs, beams and gir- 
ders, splices of reinforcement shall not be made. at points of maximum 
stress without the approval of the commissioner of buildings. Splices, 
where permitted, shall provide sufficient lap to transfer the stress between 
bars by bond and shear. In such splices the bars shall be spaced at the 
minimum distance specified in Sec. I-4. 

Splices in columns, piers and struts shall provide sufficient lap to 
transfer the stress by bond. 

Where changes in the cross-section of a compression member occur, 
the longitudinal bars shall be sloped for the full length of the member or 
offset in a region where lateral support is afforded. Where offset, the 
slope of the inclined portion from the axis of the member shall not be 
more than 1 in 6. 

F-6: Protectwe Covering of Concrete—At the under side of footings 
metal reinforcement shall have a minimum covering of 3 in. of concrete. 
At other surfaces of concrete exposed to the ground or weather, metal 
reinforcement shall be protected by not less than 2 in. of concrete. 

In fire-resistive construction, metal reinforcement shall be protected 
by not less than 1 in. of concrete in slabs and walls, and not less than 
11% in. in beams, girders and columns, provided aggregate showing an 
expansion not materially greater than that of limestone or trap rock is 
used; when impracticable to obtain aggregate of this grade, the protective 
covering shall be 1%4 in. thicker and shall be reinforced with metal mesh 
having openings not exceeding 3 in., placed 1 in. from the finished surface. 

In structures where the fire hazard is limited, the metal reinforce- 
ment shall not be placed nearer the exposed surface than %4 in. in slabs 
and walls or 1% in. in beams, girders and columns. 

Exposed reinforcement bars intended for bonding with future exten- 
sions shall be protected from corrosion. 
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F-7: Construction Joints—Joints not indicated on the plans shall be 
‘so made and located as to least impair the strength of the structure. 
Where a horizontal joint is to be made, any excess water and laitance 
shall be removed from the surface after concrete is deposited. Before de- 
positing of concrete is resumed the hardened surface shall be treated as 
specified in Sec. E-8. Column forms shall be filled to a depth of 4 in. with 
1: 2 cement mortar immediately before depositing concrete. 

At least two hours must elapse after depositing concrete in the col- 
umns or walls before depositing in beams, girders, or slabs supported 
thereon. Haunches and column capitals shall be considered‘as part of and 
to act continuous with the floor. 

Construction joints in floors shall be located near the middle of spans 
of slabs, beams or girders, unless a beam intersects a girder at this point, 
in which case the joints in the girders shall be offset a distance equal to 
twice the width of the beam. Provision shall be made for shear by use of 
inclined reinforcement. 


CHAPTER G. 
DESIGN—GENERAL CONSIDERATIONS. 


G-1: Asswmptions.—The design of reinforced-concrete members under 
these specifications shall be based on the following assumptions: 

(a) Calculations are made with reference to working stresses and safe 
loads rather than with reference to ultimate strength and ultimate loads. 

(b) A plane section before bending remains plane after bending, 
shearing distortions being neglected. 

(c) The modulus of elasticity of concrete in compression is constant 
within the limits of working stresses and the distribution of compressive 
stress in beams is rectilinear. 

(d) The moduli of elasticity of concrete in computations for the posi- 
tion of the neutral axis, for the resisting moment of beams, and for com- 
‘pression of concrete in columns, are as follows: 


(1) 1 that of steel, when the compressive strength of the con- 
75. ~—s crete at 28 days exceeds 1,500 and does not exceed 2,200 

lb. per sq. in.; 
(2) 1 that of steel, when the compressive strength of the con- 
12 crete at 28 days exceeds 2,200 and does not exceed 2,900 

Ib. per sq. in.; 
(3) 1 that of steel, when the compressive strength of the con- 

10 crete at 28 days is greater than 2,900 lb. per sq. in. 


(e) In calculating the moment of resistance of reinforced-concrete 
beams and slabs the tensile resistance of the concrete is neglected. 

(f) The bond between the concrete and the metal reinforcement re- 
mains unbroken throughout the range of working stresses. Under com- 
pression the two materials are therefore stressed in proportion of their 
moduli of elasticity. 
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(g) Initial stress in the reinforcement due to contraction or expan- 
sion of the concrete is neglected, except in the design of reinforced-con- 
crete columns, where the effect of shrinkage stresses has been given con- 
sideration in the design formulas and allowable working stresses. 

G-2: Notation—The symbols and notation used in these reg IaMonss 
are defined as follows: 
= width of face of column or pedestal; 


a 


a 
A 


“s+ 


| 


| 


| 


| 


| 


angle between inclined web bars and axis of beam; 

total net area of column, footing, or pedestal, exclusive of 
fireproofing ; 

loaded area of pedestal, pier or footing; 

A (1—p) =net area of concrete core of column (core area 
minus reinforcement) ; 

net area of concrete in columns with lateral ties (total column 
area minus area of reinforcement) ; 

effective cross-sectional area of metal reinforcement in tension 
in beams or compression in columns; and the effective 
cross-sectional area of metal reinforcement which crosses 
any of the principal design’ sections of a flat slab and 
which meets the requirements of Sec. K-12; 

total area of web reinforcement in tension within a distance 
of $ (8, S:, S3, ete.) or the total area of all bars bent up in 
any one plane; 

width of rectangular beam or width of flange of T-beam; 

dimension of the dropped panel of a flat slab in the direction 
parallel to J,; 

base diameter of the largest right circular cone which lies en- 
tirely within the column (including the capital) whose 
vertex angle is 90 deg. and whose base is 1% in. below the 
bottom of the slab or the bottom of the dropped panel; 

projection of footing from face of column; 

depth from compression surface of beam or slab to center of 
longitudinal tension reinforcement; 

modulus of elasticity of concrete in compression; 

modulus of elasticity of steel in tension = 30,000,000 lb. per 
Sq. In.; 

compressive unit stress in extreme fiber of concrete; 

ultimate compressive strength of concrete at age of 28 days, 
based on tests of 6 by 12-in. or 8 by 16-in. cylinders made 
and tested in accordance with the Standard Methods of 
Making and Storing Specimens of Concrete in the Field 
and the Tentative Methods of Making Compression Tests 
of Concrete, of the A. S. T. M. 

compressive unit stress in metal core; 

tensile unit stress in longitudinal reinforcement; 

tensile unit stress in web reinforcement; 
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nv 


Shor ces 


total tension in a bar; 

total tensile stress in a bar developed in the length “y.” See 
See. J-3. 

unsupported length of column; 

moment of inertia of a section about the neutral axis for bend- 
ing; 


» span length of beam or slab (generally distance from center 


to center of supports; for special cases, see Sec. H-3 and 
K-6) ; 

span length of flat slab, center to center of columns, in the 
rectangular direction in which moments are considered 
(see Sec. K-3) ; 

span length of flat slab, center to center of columns, perpen- 
dicular to the rectangular direction in which moments are 
considered ; 

bending moment or moment of resistance in general; 

sum of positive and negative bending moments in either rec- 
tangular direction, at the principal design sections of a 
panel of a flat slab; 

E. /H ,=ratio of modulus of elasticity of steel to that of con- 
crete; 

sum of perimeters of bars in one set; 

ratio of effective area of tension reinforcement to effective area 
of concrete in beams = 4 /bd ; and the ratio of effective 
area of longitudinal reinforcement to the area of the con- 
crete core in columns; 

total safe axial load on column whose h/R# is less than 40; 

total safe axial load on long column; 

permissible working stress in concrete over the loaded area of 
a pedestal, pier or footing; 

ratio of positive or negative moment in two column strips or 
one middle strip of a flat slab, to Mo, 

least radius of gyration of a section; 

spacing of web members, measured at the mid-depth of the 
beam and in the direction of the longitudinal axis of the 
beam ; 

thickness of flange of T-beam; 

thickness of flat slab without dropped panels or thickness of 
a dropped panel; 

thickness of flat slab with dropped panels at points away from 
the dropped panel; 

bond stress per unit of area of surface of bar; 

shearing unit stress; 

total shear ; 

uniformly distributed load per unit of length of beam or slab ; 

upward reaction per unit of area of base of footing; 
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w' = uniformly distributed dead- and live-load per unit of area of 
a floor or roof; 

W = total dead- and live-load uniformly distributed over a single 
panel area; 

# = length of bar added for anchorage, including the hook, if any; 

Yy = distance from the point at which the tension is computed to 


the point of beginning of anchorage. 

G-3: Unit Stresses in Terms of Ultimate Strength of Concrete.—As 
specified in Sec. D-1, the structural drawings and plans shall show the 
ultimate strength of concrete for which the several portions of the struc- 
tures were designed. The working stresses to be used in the computations 
shall be based on the ultimate strength indicated on the drawings and in 
the ratios shown in the succeeding sections of these regulations. The ulti- 
mate strength is designated as f’, and refers to the ultimate strength at 
28 days, based on 6 by 12-in. or 8 by 16-in. cylinders made, cured and 
tested in accordance with the Standard Methods of Making and Storing 
Specimens of Concrete in the Field and Tentative Methods of Making Com- 
pression Tests, of the American Society for Testing Materials in effect at 
the time of adoption of these regulations. These working stresses in the 
conerete are here summarized together with the permissible working 
stresses in the reinforcement. 


SUMMARY OF WORKING STRESSES. 
Direct Stresses in Concrete. 


In columns; varies, see Sections L-3 and L-4. 
In long columns; see Section L-8, 


In piersyand pedestalsi;; casts ques eet naman etaee Eee 0.25f" | 
Fleawral Stresses in Concrete. 
Extreme fibre stress in compression in flexure .......... 0.40f' . : 
Extreme fibre stress in compression in flexure adjacent to 
SUpPOres, Of ContIMMIOUSsM bear sane te tee eee ee 0.45f' | 


Shearing Stresscs in Concrete. 
Beams without special anchorage of longitudinal rein- 


forcement: 
With no web..remforeemente 0. fase eee 0.02f’ 
With stirrups or bent-up bars or combinations of the 
LA RU eomimnn As Avra dey Sheen f Sree acto w ans 0.02f ’c to 0. O6f’ . 
Beams with special anchorage of longitudinal reinforce- 
ment: 
With no web reinforcement .......... annie sunteaneme 0.03f" . 
With stirrups or bent-up bars or combinations of 
the two's. cls « Soe ts ee ee 0.03f’c to 0. 12f" | 


In flat slabs: 
At distance d from edge of column cap or dropped 
panel,ssee, Secs, T-C.se) Lee en em 0.025f'c to 0.03f’ 
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In footings: 
Where longitudinal bars have uc_special anchorage.. 0.02f’ 
Cc 


Where longitudinal bars have special anchorage..... 0.03f' | 
Bond Between Concrete and Reinforcement. 
insbeamcrandss!absvuplainnbarsme 1.40 bias ei een 0.04f’ 
In beams and slabs, deformed bars .................... 0.05f7 
Inglooungs plains bars,Onenway vas. ee... shies eae 0.047". 
In’ footings, plain bars, two! ways :............<.... ee, ae 0.03f". 
In footings, deformed bars, one way ................... 0.05f" . 
In footings, deformed bars, two ways .................. 0.0375f'¢ 
Stresses in Reinforcement. 
Tension 
(a) Billet-steel bars: 
(ie Structuralesteclosrades.. 0. + cs 16,000 Ib. per sq. in. 
(2)esintermediates prade ye: -ssi.cce rs ase TS 000 5 arcs ie 
(3) Hard grade (where permitted) ....... 18,000 ati ier oo 
(b) Rail-steel bars (where permitted) ........ TSE OO ORE ci ace nS" 
(de) Pe Structuralisteelishapesy sm. - aase a. spe ee me MCAT ONO went ae 
(d) Other steel reinforcement, 45 per cent of 
the yield point stress but not to exceed.. 18,000 “ “ “ “ 
Compression 
(Gi) IEERRS oon 0.00 Td a.0,0 DAU TOMO OI. B hc tOe DO Die Une be oseedia oe DoIaan nfe 
(b) Structural steel core of composite column.. 16,000 lb. per sq. in. 
reduced for slenderness ratio ........... (See Section L-6) 
(ce) aSiructuralesteclecolummien en eye en. aes 16,000 lb. per sq. in. 
reduced for slenderness ratio ........... (See Section L-7 ) 
Composite cast-iron column ...............--- 10,000 Ib. per sq. in. 
reduced for slenderness ratio ........... (See Section L-6) 
CHAPTER H. 


FLEXURAL COMPUTATIONS AND MOMENT COEFFICIENTS. 


H-1: Formulas for Flexuwre—Computations of flexural resistance of 
reinforced-concrete beams and slabs shall be based on the assumptions of 
See. G-l]. The customary formulas or their equivalent shall be used. 

H-2: Working Stresses in Flexwre.—See Sec. G-3. 

H-3: Span Length.—The span length of freely supported beams and 
slabs shall be the clear span plus the depth of beam or slab but shall not 
exceed the distance between centers of the supports. 

The span length for continuous or restrained beams built to act in- 
tegrally with supports shall be the clear distance between faces of supports. 

For continuous or restrained beams having brackets built to act in- 
tegrally with both beam and support and of a width not less than the 
width of the beam and making an angle of 45 deg. or more with the hori- 
zontal the span shall be measured from the section where the combined 
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depth of the beam and bracket is at least one-third more than the depth 
of the beam. No portion of such a bracket shall be considered as adding to 
the effective depth of the beam. 

. Maximum negative moments are to be considered as existing at the 
ends of the span, as defined above. 

H-4: Unsupported Length of Beams—The distance between lateral 
supports of the compression area of a beam shall not exceed 24 times the 
least width of compression flange. 

H-5: Requirements for T-Beams.—tIn T-beam construction the slab 
shall be built integral with the beam. The effective flange width to be used 
in the design of symmetrical T-beams shall not exteed one-fourth of the 
span length of the beam, and its overhanging width on either side of the 
web shall not exceed eight times the thickness of the slab nor one-half the 
clear distance to the next beam. 

For beams having a flange on one side only, the effective flange width 
to be used in design shall not exceed one-tenth of the span length of the 
beam, and its overhanging width from the face of the web shall not exceed 
six times the thickness of the slab, nor one-half the clear distance to the 
next beam. 

Where the principal slab reinforcement is parallel to the beam, trans- 
verse reinforcement, not less in amount than 0.3 per cent of the sectional 
area of the slab, shall be provided in the top of the slab and shall extend 
across the beam and into the slab not less than one-fourth of the clear span 
of the slab measured parallel to the beam. The spacing of the bars shall 
not exceed 18 in. 

Provision shall be made for the compressive stress at the support in 
continuous T-beam construction. 

The overhanging portion of the flange of the beam shall not be con- 
sidered as effective in computing the shear and diagonal tension resistance 
of T-beams. 

Isolated beams in which the T-form is used only for purpose of pro- 
viding additional compression area, shall have a flange thickness not less 
than one-half the width of the web and a total flange width not more than 
four times the web thickness. 

H-6: Moment Ooefficients for the Usual Conditions—(A) Freely 
supported or slightly restrained continuous beams or slabs of equal 
span; uniform load. Beams and slabs of equal spans freely supported or 
built to act integrally with beams, girders or other slightly restraining 
support, or beams and slabs built into brick or masonry walls in a man- 
ner which develops only partial end restraint, and carrying uniformly dis- 
tributed loads shall be designed for the following moments at critical 
sections: 

(a) Beams and slabs of one span, 

Maximum positive moment near center, 


wl? 
M = 
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(6) Beams and slabs continuous for two spans only, 
(1) Maximum positive moment near center, 


wl? 
NEN. Oe oi Rigo LOT OPO EO OOO DOeaD (2) 
10 
(2) Negative moment over interior support, 
ul? 
Pee ro bnidamnn ood pa Cobuane (3) 
8 


(c) Beams and slabs continuous for more than two spans, 
(1) Maximum positive moment near center and negative mo- 
ment at support of interior spans, 


wl? 


12 


(2) Maximum positive moment near centers of end spans and 
negative moment at first interior support, 


wl? 
A IRIS CORD DOE CoO (5) 
10 
(d) Negative moment at end supports for cases (@), (6), (¢) of this 
section, 
wi? 
M =not less than —— .........+-eeeeee (6) 
16 


(B) Fully restrained continuous beams or slabs of equal span: 
uniform load. 

Beams and slabs of equal span built to act integrally with columns, 
walls, or other restraining supports and assumed to carry uniformly dis- 
tributed loads, shall (except as provided in (A) ) be designed for the 
following moments at critical sections: ri 

(a) Interior spans, 

(1) Negative moment at interior supports except the first, 


wil? 


wl 


(b) End spans of continuous beams and slabs and beams and slabs: of 
which J/J is less than twice the sum of the values of J/h for the 
exterior columns above and below which are built into the beams: 

i (1) Maximum positive moment near center of span and nega- 
tens tive moment at first interior supports, 
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wl 
FU) Meat nme Pe GO OO SH OOOOE Di Gace OF (9) 
12 
(2) Negative moment at exterior supports, 
wl 
tient ad OP ODIO OL ca oO OUa do (10) 
12 


(c) End spans of continuous beams, and beams of one span, in which 
I/l is equal to or greater than twice the sum of the values of 
I/h for the exterior column above and below which are built 
into the beams: 
(1) Maximum positive moment near center of span and nega- 
tive moment at first interior support, 


wl 
4 eet oF NOME O DUES ASOD oD won E (11) 
LOS 
(2) Negative moment at exterior support, 
wl : 
SOO SS So omoEU suet eS (12) 
16 


In (B) and (C) “I” represents the moment of inertia which, for those 
calculations, shall be computed on the assumption that the member is 
homogeneous, neglecting the reinforcement but including that portion of 
the concrete section outside of the reinforcement which is ordinarily con- 
sidered as fireproofing. 1 and h are the span length and column height 
respectively as defined in Section H-3 and L-2. 

(C) Continuous beams or slabs of unequal span or with non-uni- 
form loads. 

Continuous beams with unequal spans, or with other than uniformly 
distributed loading, whether freely-supported or restrained, shall be de- 
signed for the actual moments under the conditions of loading and restraint. 

Provision shall be made where necessary for negative moment near the 
center of short spans which are adjacent to long spans, and for the nega- 
tive moment at the end supports, if restrained. 


CHAPTER I. 
SHEAR AND Diagonar TENSION. 


1-1: Shearing Unit Stress.—Shearing stresses themselves are seldom 
important in the design of beams or slabs. However, since they are a con- 
venient measure of diagonal tension which must be provided for, the pro- 
visions of this chapter are expressed in terms of shear. The shearing unit 
stress, v, in reinforced-concrete beams shall be computed by Formula 14: 
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The shearing unit stress shall be computed on the minimum width of 
rectangular beams and on the minimum thickness of the web in beams of 
I- or T-section. 

In tile and joist construction, the shearing unit stress shall be com- 
puted on a width equal to the thickness of the concrete web plus the thick- 
ness of the vertical webs of the concrete or clay tile in contact with the 
joist. 

1-2: Types of Web Reinforcement—Web reinforcement may consist 
of: 

(a) Vertical stirrups or web reinforcing bars; 

(b) Inclined stirrups or web reinforcing bars forming an angle of 30 

deg. or more with the axis of the beam. 

(ec) Longitudinal bars bent up at an angle of 15 deg. or more with 

the axis of the beam. 


Stirrups or bent up bars to be considered effective as web reinforce- 
ment shall be anchored at both ends, according to the provisions of Sec. J-5. 
1-3: Spacing of Stirrups or Bent-Up Bars.—Where the shearing stress 
is not greater than 0.06’ . the distance s measured in the direction of the 
axis of the beam between two successive stirrups or bent-up bars, shall not 
exceed the value given by Formula 15, 
45 d 


where g is the angle in degrees between the inclined web bars and the 
axis of the beam. 

Bent-up bars and stirrups shall be considered effective in reinforcing 
the web only within the area between two vertical planes distant s/2 in 
either direction from the point where the bent-up kar crosses the mid- 
depth of the beam. 

Where the shearing stress is greater than 0.06f’ . the distance s shall 
not be greater than two-thirds of the values given by Formula 15. 

1-4: Maaimum Shearing Unit Stress in Beams.—In beams in which 
the longitudinal reinforcement is without special anchorage, the shearing 
unit stress computed by Formula 14 shall not exceed the value given by 
Formula 16 and inno case shall it exceed 0.06f’ . 


fod 
bs 
In beams in which the longitudinal reinforcement is anchored as speci- 
fied in Sec. J-5, the shearing unit stress shall not exceed the value given 
by Formula 16 when 0.03f', is substituted for 0.02f" . , and in no case 
shall it exceed 0.12f’, . 
Where the entire web reinforcement consists of longitudinal bars bent 
A, 


up in a single plane the allowance for the quantity Fa (sin a + cos a) 
8 


v=0.02f", + sin a + cos «) ae a ae aed (16) 
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in Formula 16 shall not exceed 75. Such bent-up reinforcement shall cross 
the mid-depth of the beam at a distance not greater than s/2 from the 
face of the support and shall not be considered effective in resisting diag- 
onal tension over a distance greater than s from the support, where s has 
the value by Formula 15 of See. I-3. 

I-5:* Combined Web Reinforcement.—Where two or more types of web 
reinforcement are used in conjunction, the total shearing resistance of the 
beam shall be assumed as the sum of the shearing resistances computed for 
the various types separately. In such computations the shearing resistance 
of the concrete (the term 0.02f’ . or 0.03f" . in Formula 16) shall be in- 
cluded only once. In no case shall the maximum shearing stress be greater 
than the limiting values in See. I-4. 

I-6: Shearing Stress in Flat Slabs.—In flat slabs, the shearing unit 
stress computed by Formula 14 (in which d shall be taken as t,— 1%) on 
a vertical section which lies at a distance t,-114 from the edge of the 
column capital and parallel with it shall not exceed 0.02f’ multiplied by 
the following factor: 1 plus the ratio which the cross-sectional area of the 
negative reinforcement in the width of strip directly above the column 
capital bears to the cross-sectional area of the negative reinforcement in 
the full width of two column strips. At least 25 per cent of the total cross- 
sectional area of the negative reinforcement in two column strips must be 
within the width of strip directly above the column capital. 

In no case shall the unit shearing stress exceed 0.03f’ . 

The shearing unit stress computed by Formula 14 (in which d shall 
be taken as t,—114) on a vertical section which lies at a distance of 
t, — 1% from the edge of the dropped panel and parallel with it shall not 
exceed 0.03f’ . At least 50 per cent of the cross-sectional area of the 
negative reinforcement in two column strips must be within the width of 
strip directly above the dropped panel. 

1-7: Shear and Diagonal Tension in Footings—The shearing stress 
shall be taken as not less than that computed by Formula 14. The stress 
on the critical section shall not exceed 0.02f’ for footings with straight 
bars, nor 0.03f’ for footings in which the bars are anchored at both ends 
by adequate hooks or otherwise as specified in Sec. J-5. 

The critical section for diagonal tension in footings on soil shall be 
computed on a vertical section through the perimeter of the lower base of 
a frustum of a cone or pyramid which has a base angle of 45 deg., and 
which has for its top the base of the column or pedestal and for its lower 
base the plane at the centroid of longitudinal reinforcement. 

The critical section for diagonal tension in footings on piles shall be 
computed on a vertical section at the inner edge of the first row of piles 
entirely outside a section midway between the face of the column or ped- 
estal and the section defined for soil footings, but in no case outside of 
that section. For piles not arranged in rows, the critical section shall be 
taken midway between the face of the column and the section defined for 
soil footings. 
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CHAPTER J 
BOND AND ANCHORAGE, 


J-1: Oomputation of Bond Stress in Beams.—Where bar reinforcement 
is used to resist tensile stresses developed by beam action, the bond stress 
shall be taken as not less than that computed by Formula 17. 


8V 


For continuous or restrained members, the critical section for bond 
for the positive reinforcement shall be assumed to be at the point of in- 
fiection, that for the negative reinforcement shall be assumed to be at the 
face of the support, and at the point of inflection. For simple beams or 
at the outer ends of freely supported end spans of continuous beams, the 
critical section for bond shall be assumed to be at the face of the support. 

Bent-up longitudinal bars which, at the critical section, are within 


d 
a distance — from horizontal reinforcement under consideration may be 
‘ ) 
included with the straight bars in computing po. 


In footings only the bars specified in Sec. M-4 as effective in resisting 
bending moment shall be considered as resisting bond stresses. Special in- 
vestigation shall be made of bond stresses in footings with stepped or slop- 
ing upper surface, as maximum bond stresses may occur at the vertical 
plane of the steps or near the edges of the footing. 

J-2: Permissible Bond Stress: Ordinary Anchorage.—In beams where 
the ordinary anchorage described in Sec. J-4 is provided, the bond stress 
computed by Formula 17 at any section shall not exceed the following 
values: 


BOs plas Habe. os ee as alas ERI eae eect tate oe u = 0.04f'c 
For deformed bars meeting the requirements of* 
Seehion oC Time aths iale ees eels © mates Tove otis) sae ee u— 0.05f'c 


The permissible bond stress for footings and similar members in which - 
reinforcement is placed in more than one direction shall not exceed 75 per 
cent of the above values. Small percentages of reinforcement added for 
temperature or shrinkage stresses shall not be interpreted as requiring this 
reduction. 

J-3: Permissible Bond Stress: Special Anchorage—In members in 
bending, bond stresses (computed by Formula 17) exceeding those speci- 
fied in Sec. J-2, but in no case mote than 214 times the latter, may be 
used, provided that sufficient additional length of bar is added beyond the 
theoretical point of zero moment (end of span or point of inflection) to 
provide for the development of the excess in bond stress over that specified 
in Sec. J-2. The length w to be added for this purpose may be expressed 
algebraically by Formula 18. 

OUD Om FF! oe cece eee e eet eens (18) 
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where, # =the length of par added for anchorage, including the hook, 
M any, 
u = permissible bond stress specified in Sec. J-2, 
0 =the perimeter of the bar or bars under consideration, 
F — total tension in the bar or bars under consideration, 

F’ =the total tension in the bar which would be developed in 
the length y by the computed bond stresses, except that 
no values greater than those specified in Sec. J-2 be used 
in the computation, F’ = bond stress times oy. 

y =the distance from the point at which the tension is com- 
puted to the point of beginning of anchorage. 


The point of beginning of anchorage shall be taken at the edge of 
support for freely supported beams, and at the point of inflection (for the 
loading condition under consideration) for fixed or continuous beams; an- 
chorage of negative reinforcing to be toward the center of the beams from 
this point. 

The length of bar added for anchorage may be either straight or bent. 
The radius of bend shall not be less than four bar diameters. 

J-4: Ordinary Anchorage Requirements.—In continuous, restrained or 
cantilever beams, the length of anchorage # of the tensile negative rein- 
forcement beyond the face of the support shall provide for the full maxi- 
mum tension by Formula 18 in which wu equals the value given in Sec. J-2, 
and, for this case, since y—o, F’—=o. Such anchorage shall provide a 
length of bar not less than the depth of the beam. In the case of end sup- 
ports which have a width less than three-fourths of the depth of the beam, 
the bars shall be bent down toward the support a distance not less than 
the effective depth of the beam. The portion of the bar so bent down shall 
be as near to the end of the beam as protective covering permits. In con- 
tinuous or restrained beams, negative reinforcement shall be carried to or 
beyond the point of inflection. Not less than one-fourth of the area of 
the positive reinforcement shall extend into the support to provide an em- 

, bedment of ten or more bar diameters. 

In simple beams or at the outer ends of freely supported end spans 
of continuous beams at least one-fourth of the area of the tensile reinforce- 
ment shall extend along the tension side of the beam and beyond the face 
of the support to provide an embedment of ten or more bar diameters, 

J-5: Special Anchorage Requyirements.—Where increased shearing 
stresses are used as provided in Secs. I-3 and I-6 or increased bond stresses 
as provided in Sec. J-3, special anchoxage of all reinforcement in addition 
to that required in Sec. J-4 shall be provided as follows: 


(a) In continuous and restrained: beams, anchorage beyond points of 
inflection of at least one-third the area of the negative reinforcement and 
beyond the face of the support of at least one-third the area of the positive 
reinforcement, shall be provided to develop one-third of the maximum 
working stress in tension. The anchorage length x shall be computed by 
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Formula 18 (y =o, therefore F’=0) with bond stresses not greater than 
those specified in Sec. J-2. 

(b) At the edges of footings, anchorage for all the bars for one-third 
the maximum working stress in tension shall be provided within a region 
where the tension in the concrete, computed as an unreinforced beam, does 
not exceed 40 lb. per sq. in. In any case the reinforcement bars shall ex- 
tend to within 4 in. of the edge of the footing but not closer than 3 in. 
as specified in Sec. F-6. 

(c) In simple beams or at the outer ends of freely supported end 
spans of continuous beams, at least one-half of the tensile reinforcement 
shall extend along the tension side of the beam to provide an anchorage 
beyond the face of the support for one-third of the maximum working 
stress in tension. 

J-6: Anchorage of Web Reinforcement.—Web bars shall be anchored 
at both ends by: 

(a) providing continuity with the longitudinal reinforcement; or 

(b) bending around the longitudinal bar; or 

(ec) a semi-circular hook which has a radius not less than four 
times the diameter of the web bar. 


_ Stirrup anchorage shall be so provided in the compression and tension 
regions of a beam as to permit the development of safe working tensile 
stress in the stirrup at a point 0.3d from either face. (Generally a prop- 
erly-anchored stirrup whose diameter does not exceed one-fiftieth of the 
depth of the beam will meet these requirements. ) 

The end anchorage of a web member not in bearing on the longitudinal 
reinforcement shall be such as to engage an amount of concrete sufficient 
to prevent the bar from pulling out. In all cases the stirrups shall be 
carried as close to the upper and lower surfaces as fireproofing require- 
ments permit. 


CHAPTER K 
; FLAT SLABS. 
(Two-Way and Four-Way Systems with Square or Rectangular Panels.) 


K-1: Limitations——The term flat slabs as used in these regulations, 
refers to concrete slabs, having reinforcement bars extending in two or 
four directions, without beams or girders to carry the load to supporting 
members. The moment coefficients, moment distribution, and slab thick- 
nesses specified herein are for slabs which have three or more rows of 
' panels in each direction, and in which the panels are approximately uni- 
form in size. Slabs with paneled ceiling or°with depressed paneling in the 
floor shall be considered as coming under the requirements herein givea, 
provided the depth of the thicker portions of the slab does not exceed 1.5 
times the depth of the remainder of the slab. 

These regulations shall not apply to flat slabs in which the ratio of 
length to width of panel exceeds 1.4. 
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K-2: Panel Strips and Principal Design Section—For convenience of 
reference, a flat slab panel shall be considered as consisting of strips as 
follows: 

A middle strip one-half panel in width, symmetrical with respect to 
the panel center line and extending through the panel in the direction in 
which moments are being considered ; 

Two column strips, each one-quarter panel in width, occupying the 
two quarter panel areas outside of the middle strip. 

When considering moments in the direction of the width of the panel, 
the panel is similarly divided by strips, the widths of which are respec- 
tively one-half and one-quarter of the length of the panel. 

In the succeeding paragraphs, the provisions for limiting moments, 
ete., are related to certain critical sections. These sections are referred 
to as the principal design sections and are located as follows: 

Sections for Negative Moment. These shall be taken along the edges 
of the panel, that is, along the lines joining the column centers. For the 
column strips, the section shall follow the center line between columns to 
the edge of the column capital (i.e., to a point c/2 from the column 
center) and then around the circumference of the column capital for a 
one-quarter circumference. 

Sections for Positive Moment. These shall be taken on the center- 
line of the panel, crossing the strips for which moments are being con- 
sidered. 

K-3: Moments in Interior Panels.—In flat slabs in which the ratio of 
reinforcement (p) for negative moment in the column strip is not greater 
than 0.01, the numerical sum of the positive and negative moments in the 
direction of either side of a rectangular panel shall be not less than that 
given by Formula 19. 


} 3 
M,=0.09 Wl (: _ a sie ere (19) 


where M , —sum of positive and negative ane moments, at the 
principal design sections, in the direction in which the 
length is given by J. This moment is in foot-pounds 
where the cther items are in the units indicated below; 


ce —base diameter in feet of the largest right circular cone 
which lies entirely within the column (including the 
capital) the vertex angle of which is 90 deg. and the 
base of which is 114 in. below the bottom of the slab 
or the bottom of the dropped panel; 


1 — span length in feet of the flat slab panel, center to cen- 
ter of columns in the direction in which moments are 
considered. (When considering moments in any direc- 
tion, the width of column and middle strips must be 
related to the length of span at right angles to that 

¢ in which moments are being considered,) 
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W = total dead- and live-load in pounds uniformly distributed 
over a single panel area. 


K-4: Moments in Principal Design Sections—The moments in the 
principal design sections shall be those given in the accompanying table of 
moments, except as follows: : 

(a) The sum of the maximum negative moments in the two column 
strips may be greater or less than the values given in table 
of moments by not more than 0.03 7 °° 

(b) The maximum negative moment and the maximum positive mo- 
ments in the middle strip and the sum of the maximum posi- 
tive moments in the two-column strips may be greater or less 
than the values given in table of moments by not more than 
0.01 M os 


MomENTS TO BE USED IN DESIGN OF FLAT SLABS. 
For Interior Panels Fully Continuous. 


Flat Slabs without Flat Slabs with 
Strip Dropped Panels Dropped Panels 
Negative Positive Negative Positive 


Slabs with 2-way Reinforcement. 


Wolumae strip este es bari 0.23 M, 0.11 M, 0.25 uM, 0.10 Mu, 

2-Column strips ......... 0.46 M 0.22 uM 0.50 M 0.20 MU 

Middiler strip! ssi...) a-.c00 0.16 M 0.16 M 0.15 M 0.15 M 
Slabs with 4-way Reinforcement. 

Colummny stripy sco.. oe 0.25 M 0.10 M 027M 0.095 M 

2-Column strips ......... 0.50 M 0.20 M 0.54 M 0.190 M 

Mid dlerstiipistaps ats techs 0.10 M 0.20 M 0.08 M 0.190 M 


K-5: Lateral Dimensions of Dropped Panels.—The dropped panel shall 
have a length or diameter in each direction parallel to a side of the panel 
of not less than one-third the panel length in that direction. 

K-6: Thickness of Slabs and Dropped Panels.—The total thickness of 
the slab through the dropped panel, ¢,, in inches, or of the slab if a dropped 
panel is not used, shall be not less than the value given by Formula 20. 


Apes 
t; = 0.038 (1 = 1445) 14 Role tts dake ouae (20) 


where R—ratio of negative moment in the two-column stri DS paral- 
lel to the length to the total moment M ; 
w’ uniformly distributed dead- and live-load per sq ft.; 
1, — width in feet of the panel at right angles to the direction 
of the length 1; 
b, —dimension in feet of the dropped panel in the direction 
parallel to 1,, except that in a slab without dropped 
panel }, shall be taken as 0.5 1. 
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For slabs with dropped panels the total thickness in inches at points 
beyond the dropped panel shall be not less than 


f= 0,02 EN fol} toate, arent eee (21) 


The dropped panel shall have a thickness, ¢,, not greater than 1.5 f,. 

In determining minimum thickness by Formulas 20 and 21, the value of — 
1 shall be the panel length center to center of the columns, on the long side 
of panel, and the value of /, shall be the panel width, center to center ot 
the columns. 

The slab thickness t, or t, shall in no case be less than 1/32 for floor 
slabs, and not less than 1/40 for roof slabs. 

K-7: Wall and Other Irregular Pamels—In wall panels and other 
panels in which the slab is not continuous with an adjacent panel, the 
maximum negative moment at the edge of the panel opposite to the discon- 
tinuous edge and the maximum positive moment at: the center of this panel 
shall be increased as follows: 


(a) In the column strip perpendicular to the wall or discontinuous 
edge, 15 per cent greater than that given in the table of mo- 
ments for interior panels; 


(b) Middle strip perpendicular to wall or discontinuous edge, 30 
per cent greater than that given in the table of moments for 
interior panels. 


In these strips the bars used for positive moments perpendicular to 
the discontinuous edge shall extend to the edge of the panel at which the 
slab is discontinuous. 

At the wall or discontinuous edge the negative moment in the column 
strip shall be taken as not less than 90 per cent and in the middle strip 
not less than 65 per cent of the corresponding moments for a normal in- 
terior panel as given in the table of Sec. K-4, 

K-8: Panels with Marginal Beams.—In panels having a marginal 
beam on one edge or on each of two adjacent edges, the beam shall be de- 
signed to carry at least the load superimposed directly upon it, exclusive 
of the panel load. A marginal beam which has a depth greater than the 
thickness of the dropped panel into which it frames, shall be designed to 
carry, in addition to the load superimposed directly upon it, a uniformly 
distributed load equal to at least one-fourth of the total live- and dead- 
load for which the adjacent panel or panels are designed. Slabs supported 
by marginal beams on opposite edges shall be designed as freely supported 
slabs for the entire load. 

Column strips adjacent to and parallel with marginal beams having 
a depth less than the thickness of the dropped panel, shall be designed to 
resist the moment specified for a column strip in the table of moments. 
Column strips adjacent to and parallel with marginal beams having a 
depth greater than the thickness of the dropped panel, shall be designed 
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to resist a moment at least one-half as great as that specified for a 
column strip in the table of moments. 

In wall columns where brackets are used in place of capitals, the 
value of ¢ in the direction in which the bracket extertds, shall be taken 
as twice the distance from the center of the column to a point 114 in. back 
from the edge of the bracket and averaged with the value of ¢ for an 
interior column capital in the computation for moment in Formula 19. 
The value of c for column strips parallel and adjacent to marginal beams 
shall be taken as equal to the width of the wall column if no bracket is 
used in this direction. 

K-9: Flat Slabs on Bearing Walls.—Where there is a beam or a bear- 
ing wall at the center line of columns in the interior portion of a con- 
tinuous flat slab, the negative moment at the beam or wall line in the 
middle strip perpendicular to the beam or wall shall be taken as 30 per 
cent greater than the negative moment specified in the table of moments 
(Sec. K-4) for a middle strip. The column strip adjacent to and lying on 
either side of the beam or wall shall be designed to resist moments at least 
one-half of those specified in the table of moments (Sec. K-4) for a column 
strip. 

K-10: Point of Inflection.—in the middle strip the point of inflection 
for the slabs without dropped panels shall be assumed at a line 0.301 dis- 
tant from the center of the span and for slabs with dropped panels 0.25 1 
distant from the center of the span. 

In the column strip the point of inflection for slabs without dropped 
panels shall be at a line 0.30 (1—c) distant from the center of the panel 
and 0.25 (1—e¢) for slabs with dropped panels. 

K-11: Effective Reinforcement.—The reinforcement which crosses any 
section and which fulfills the requirements given in Sec. K-12 may be con- 
sidered as effective in resisting the moment at the section. The sectional 
area of a bar multiplied by the cosine of the angle between the direction 
of the axis of the bar and any other direction may be considered effective 
as reinforcement in that direction. 

K-12: Arrangement of Reinforcement.—Provision shall be made for 
securing the reinforcement in place so as to resist properly not only the 
critical moments, but also the moments at intermediate sections. Pro- 
vision shall also be made for possible shifting of the point of inflection by 
carrying all bars in rectangular or diagonal directions, to points at least 
20 diameters beyond the point of inflection each side of a section of critical 
moment, either positive or negative. Lapped splices shall not be permitted 
at or near regions of maximum stress except as described in Sec. F-5. At. 
least four-tenths of all bars in each direction shall be of such length and 
shall be so placed as to provide reinforcement at two sections of critical 
negative moment and at the intermediate section of critical positive mo- 
ment. Not less than one-third of the bars used for positive reinforcement 
in the column strip shall extend into the dropped panel at least 20 diam- 
eters of the bar, or in case no dropped panel is used, shall extend to within 
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one-eighth of the span length from the center line of the column or the 
support. 

K-13: Special Panel Arrangement.—For structures having a width of 
less than three (3) rows of panels, or in which irregular or special panels 
are used, an analysis shall be made of the moments developed in both 
slabs and columns. When so required, computations shall be submitted 
to the commissioner of buildings for approval. 


CHAPTER L. 
RetNrorcep Concrete CoLuMNS. 


L-1: Limiting Dimensions—Unless designed as long columns under 
the provisions of Sec. L-8, reinforced concrete columns shall not be longer 
than 40 times the least radius of gyration (40R). Principal columns in 
buildings shall have a minimum diameter or thickness of 12 in. Posts 
that are not continuous from story to story shall have a minimum diame- 
ter or thickness of 6 in. 

L-2: Unsupported Length and Radius of Gyration of Columns.—The 
unsupported length of reinforced concrete columns shall be taken as: 


(a) In flat slab construction the clear distance between the floor and 
under side of the capital; 


(b) In beam-and-slab construction, the clear distance between the 
floor and the under side of the shallowest beam framing into the column 
at the next higher floor level; 


(c) In floor construction with beams in one direction only, the clear 
distance between floor slabs; 


(dz) In columns supported laterally by struts or beams only, the clear 
distance between consecutive pairs (or groups) of struts or beams, pro- 
vided that to be considered an adequate support, two such struts or beams 
shall meet the column at approximately the same level and the angle 
between the two planes formed by the axis of the column and the axis of 
each strut respectively is not less than 75 deg. nor more than 105 deg. 


When haunches are used at the junction of beams or struts with col- 
ums, the clear distance between supports may be considered as reduced 
by two-thirds of the depth of the haunch. 

The radius of gyration of a column shall be computed from the con- 
crete area of the core and the transformed section of the longitudinal 
steel area, that is, the actual area of the steel multiplied by n, this as- 
sumed to be distributed uniformly around the periphery of the core. 

L-3: Design of Spiral Columns.—tThe safe axial load on columns re- 
inforced with longitudinal bars and closely spaced spirals enclosing a cir- 
cular core, shall not be greater than that determined by Formula (22). 


P =A [l++ (n—l)p] [300 + (0.10 + 4p)f") ] eonuartts there (22) 
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where P = total safe axial load on column in which h/R (the unsup- 

ported length divided by the radius of gyration) is less 
than 40; 

A = area of the concrete core enclosed within the spiral; the 


diameter of the core (or of the spiral) shall be taken as 
the distance center to center of the spiral wire; 

p = ratio of effective area of longitudinal reinforcement to area 
of the concrete core; 


f’c = ultimate strength of concrete at 28 days as defined in Sec. 
G-3. 


The longitudinal reinforcement shall consist of at least six bars of mini- 
mum diameter of ¥% in., and its effective cross-sectional area shall not be 
less than 1 per cent nor more than 6 per cent of that of the core. 

The spiral reinforcement shall be not less than one-fourth the volume 
of the longitudinal reinforcement. It shall consist of evenly spaced con- 
tinuous spirals held firmly in place and true to line by at least three ver- 
tical spacer bars. The spacing of the spirals shall be not greater than 
one-sixth of the diameter of the core and in no case more than 3 in. 

Reinforcement shall be protected everywhere by a covering of concrete 
east monolithic with the core, which shall have a minimum thickness of 
1% in. 

L-4: Design of Columns with Lateral Ties—The safe axial load on 
columns reinforced with longitudinal bars and separate lateral ties shall 
be not greater than that determined by Formula (23). 


: Pee AAAI AER. pt Manto ee eee gee (28) 
where A’, = net area of concrete in the column (total column area minus 
area of reinforcement) ; 
A = effective cross-sectional area of longitudinal reinforcement; 
: and 
fi, = permissible compressive stress in concrete and shall not ex- 
ceed 0.207’ . 


The amount of longitudinal reinforcement shall not be less than 0.5 per 
cent nor shall the amount considered in the calculations be more than 
2 per cent of the total area of the column. The longitudinal reinforcement 
shall consist of not less than four bars of minimum diameter of ¥% in., 
placed with clear distance from the face of the column not less than 2 in. 

Lateral ties shall be at least 14 in. in diameter spaced not more than 
8 in. apart. 

L-5: Bending in Colwmns.—The bending moments in interior and ex- 
terior columns shall be determined on the basis of loading conditions and 
end restraint, and shall be provided for in the design. 

In flat slab construction, a bending moment at all interior columns 
equal to W,1/40 shall be assumed to cover all ordinary cases of unequal 
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loading in floors and roofs; where W,—the total live-load on one 
panel and 1 the span center to center of columns lengthwise of the 
panels. For known eccentric loads or uneven spacing of columns, computa- 
tion of moments shall be made accordingly. Resistance to these bending 
moments shall be provided in the columns immediately above and below 
in direct proportion to the values of their ratios of I/h (See Sec. H-6 and 
L-2). In columns supporting roofs the moment shall be resisted by the 
column below. 

Wall columns in flat slab construction shall be designed to resist 
bending in the same manner as interior columns except that the total 
live- and dead-load in the panel shall be used instead of the live-load only 
when computing the moment. Any counter moment due to the weight of - 
the structure that projects beyond the column center line may be deducted 
from the moment computed as just described. 

The recognized methods shall be followed in calculating the stresses 
due to combined axial load and bending.~ The limiting unit stresses shall 
be as follows: 


(a) With Spiral Reinforcement—The compressive unit. stress at 
’ the extreme fibre on the concrete within the core area 
under combined axial load and bending shall not exceed 

the value given by the expression 300+ (0.10 + 4p)f’c. 


(b) With Lateral Ties—Additional longitudinal reinforcement 
may be used if required to provide for the bending 
stresses, and the compressive unit stress at the extreme 
fibre on the concrete under combined axial load and 
bending may be increased to 0.30f’ . The column ‘sec- 
tion, however, shall not be less than that required by 
the provisions of Sec. L-4 where axial load alone is con-, 
sidered. The total amount of reinforcement considered 
in the computations shall be not more than 4 per cent of 
the total area of the column. 


Tension in the longitudinal reinforcement due to bending of the col- 
umn shall not exceed 16,000 lb. per sq. in. 

L-6: Composite Colwmns.—The safe load on composite columns in 
which a structural steel or cast-iron column is thoroughly encased in a 
circumferentially reinforced concrete core shall be based on a certain unit 
stress for the steel or cast-iron core plus a unit stress of 0.25f’ _ on the 
area within the spiral core. 

The unit compressive stress on the steel section shall be not greater 
than that determined by Formula 24. 


fy 218,000 = FOR cei oe ee (24) 


but shall not exceed 16,000 lb. per sq. in. 


ConcrETE Buitpinc Destan AND SPECIFICATIONS. 457 


The unit stress on the cast-iron section shall be not greater than that 
determined by Formula 25. 


Wet ROO RSG Th Tec. ane X- Hanis als wticensic PR ceed wal «nti (25) 


but shall not exceed 10,000 Ib. per sq. in. 
In Formulas 24 and 25, 


f , = compressive unit stress in metal core, and 


R = least radius of gyration of the steel or cast-iron section. 


The diameter of the cast-iron section shall not exceed one-half of the 
diameter of the core within the spiral. The spiral reinforcement shall be 
not less than 0.5 per cent of the volume of the core within the spiral and 
shall conform in quality, spacing and other requirements to the provisions 
for spirals in Sec. L-3. 

Ample section of concrete and continuity of reinforcement shall be pro- 
vided at the junction with beams or girders. The area of the concrete be- 
tween the spiral and the metal core shall be not less than that required 
to carry the total floor load of the story above on the basis of a stress in 
the concrete of 0.35f’c, unless special brackets are arranged on the metal 
core to receive directly the beam or slab load. 

L-7: Structural Steel Columns.—The safe load on a structural steel 
column of a section which fully encases an area of concrete, and which is 
protected by an outside shell of concrete at least 3 in. thick, shall be com- 
puted in the same manner as for composite columns in Sec. L-6, allowing 
0.25f’c on the area of the concrete enclosed by the steel section. The out- 
sidé shell shall be reinforced by wire mesh weighing not less than 0.2 lb. 
per sq. ft. or by ties or spirals of equal weight, and with a maximum 
spacing of 6 in. between strands or hoops. Special brackets shall be used 
to receive the entire floor load at each story. The safe load in steel col- 
umns calculated by Formula 24 shall not exceed 16,000 Ib. per sq. in. 

L-8: Long Ooluwmns.—The permissible working load on the core in 
axially loaded columns which have a length greater than 40 times the 
least radius of gyration of the column core (40) shall be not greater 
than that determined by Formula 26. 


pr 
—$ = SN bso ing ays aberioss Si das oh s (26) 
120 R 
where P’ = total safe axial load on long columns; 
P = total safe axial load on column of the same section whose 
h/R is less than 40, determined as in Sec. L-3 and L-4; 


and. 


R= least radius of gyration of column core as defined in Sec. L-2. 


i) 
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CHAPTER M. 
FOorINGSs. 


M-1: General.—The requirements for flexure, shear and bond of Chap- 
ters H, I and J shall govern the design of footings except as hereinafter 
provided. ; 

M-2: Loads.—Footings resting directly on soil or on piles shall be 
proportioned as to area or number of piles on the basis of the total column 
load plus the weight of the footing itself. For computations of moments 
and shears, an upward reaction per unit. area or per pile shall be based on 
the total column load (not including the weight of the footing itself) di- 
vided by the area or by the number of piles. 

M-3: Sloped or Stepped Footings.—Footings in which the thickness 
has been determined by the requirements for shear as specified in Sec. I-7, 
may be sloped or stepped between the critical section and the edge of the 
footing, provided that the shear on no section outside the critical section 
exceeds the value specified, and provided further that the thickness of the 
footing above the reinforcement at the edge shall not be less than 6 in. for 
footings on soil nor less than 12 in. for footings on piles. Sloped or 
stepped footings shall be cast as a unit. 

M-4: Bending in Footings——The critical section for bending in a con- 
crete footing which supports a concrete column or pedestal, shall be con- 
sidered to be at the face of the column or pedestal. Where steel or cast- 
iron column bases are used, the moment in the footing shall be computed 
at the middle and at the edge of the base; the load shall be considered as 
uniformly distributed over the column or pedestal base. 

The bending moment at the critical section in a square footing sup- 
porting a concentric square column, shall be computed from the load on 
the trapezoid bounded by one face of the column, the corresponding outside 
edge of the footing, and the portions of the two diagonals. The load on 
the two corner triangles of this trapezoid shall be considered as applied 
at a distance from the face equal to six-tenths of the projection of the 
footing from the face of the column. The load on the rectangular portion 
of the trapezoid shall be considered as applied at its center of gravity. The 
bending moment is expressed by Formula 27. 


w 
Ms) (GS el Beier aa tapi: a Beeaee (27) 
2 
where M = bending moment at critical section of footing; 
@ = width of face of column or pedestal; 
c = projection of footing from face of column; and 
w = upward reaction per unit of area of base of footing. 


For a round or octagonal column, the distance a shall be taken as 
equal to the side of a square of an area equal to the area enclosed within 
the perimeter of the column. 
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The reinforcement in each direction in the footing shall be determined 
as for a reinforced concrete beam with the limiting stresses specified in 
Sec. G-3; the effective depth shall be the distance from the top of the 
footing to the plane of the reinforcement. The sectional area of reinforce- 
ment shall be distributed uniformly across the footing unless the width is 
greater than the side of the column or pedestal plus twice the effective 
depth of the footing, in which case the width over which the reinforce- 
ment is spread may be increased to include one-half the remaining width 
of the footing. In order that no considerable area of the footing shall re- 
main unreinforced, additional reinforcement shall be placed outside of the 
width specified, but such reinforcement shall not be considered as effective 
in resisting the calculated bending moment. For the extra reinforcement 
a spacing double that within the effective belt may be used. 

The extreme fiber stress in compression in the concrete shall be kept 
within the limits specified in Sec. G-3. The extreme fiber stress in sloped 
or stepped footings shall be based on the exact shape of the section for 
a width not greater than that assumed effective for reinforcement. 

M-5: Footings Other -than Square—A rectangular or irregularly 
shaped footing shall be computed by dividing it into rectangles or trape- 
zoids tributary to the sides of the column, using the distance to the center 
of gravity of the area as the moment arm of the upward forces. Out- 
standing portions of combined footings shall be treated in the same man- 
ner. Other portions of combined footings shall be designed as beams or 
slabs. 

M-6: Shearing and Bond Stresses.—See Sec. I-7 and J-1 to 5 inclusive. 

M-7: Transfer of Stress at Base of Column.—The compressive stress 
in longitudinal reinforcement at the base of a column shall be transferred 
to the pedestal or footing by either dowels or distributing bases. When 
dowels are used, there shall be at least one for each column bar, and the 
total sectional area of the dowels shall be not Jess than the sectional area 
of the longitudinal reinforcement in the column. The dowels shall extend 
into the column and into the pedestal or footing not less than 50 diameters 
of the dowel bars for plain bars, or 40 diameters for deformed bars. 

When metal distributing bases are used, they shall have sufficient area 
and thickness to transmit safely.the load from the longitudinal reinforce- 
ment in compression ‘and bending. The permissible compressive unit stress 
on top of the pedestal or footing directly under the column shall be not 
greater than that determined by Formula 28. 


3/4 
#, = 0.25f', Gi ee (28) 
where r = permissible working stress over the loaded area; 
a 
A = total area at the top of the pedestal or footing; 
A’ = loaded area at the column base; 


ultimate compressive strength of concrete. (See Sec. D-1). 


Ke 


I 
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In sloped or stepped footings A may be taken as the area of the top 
horizontal surface of the footing or as the area of the lower base of the 
largest frustum of a pyramid or cone contained wholly within the foot- 
ing and having for its upper base the loaded area A’, and having side 
slopes of 1 vertical to 2 horizontal. 

M-8: Pedestals without Reinforcement.—The allowable compressive 
unit stress on the gross area of a concentrically loaded pedestal or on the 
minimum area of a pedestal footing shall not exceed 0.25f’¢, unless rein- 
forcement is provided and the member designed as a reinforced-concrete 
column. 

The depth of a pedestal or pedestal footing shall be not greater than 
three times its least width and the projection on any side from the face 
of the supported member shall be not greater than one-half the depth. 
The depth of a pedestal whose sides are sloped or stepped shall not exceed 
three times the least width or diameter of the section midway between the 
top and bottom. A pedestal footing supported directly on piles shall have 
a mat of reinforcing bars having a cross-sectional area of not less than 
0.20 sq. in. per foot in each direction, placed 3 in. above the top of the 
piles. : 


DISCUSSION. 


1 R. McMi1ian.—This committee was commissioned by the Board of Mr. McMillan. 
Direction of the Concrete Institute to prepare building regulations based 
on the recommendations of the Joint Committee. We were instructed to 
follow these wherever, in our opinion, they were suitable for a building 
code, and to make only such modifications as in the opinion of the com- 
mittee should be made in the interest of proper design and construction. | 
Certain modifications were, of course, necessary, for the Joint Committee 
report is in the form of a specification, and as such covers in considerable 
detail, methods of design and instructions for carrying out the work. In 
a building code it is desirable to set up only those broad limits within 
which proper design and construction can be carried out, leaving a wide 
latitude for further improvements in the art or changes in materials and 
methods. Certain clauses have been added pertaining to the application 
for building permits, changes of plans, load tests on completed structures, 
etc. There are clauses necessary to a building code but naturally not in- 
cluded in a specification. 

We have found it desirable to make a good many minor changes from 
the wording of the Joint Committee report, partially with the idea of 
condensing the thought, eliminating clauses that do not apply, and par- 
tially to put it in what might be called building code language. In addi- 
tion to these minor editorial changes, we have made a number of changes 
of considerable importance. We have included air-cooled blast-furnace 
slag as one of the permissible aggregates. We have combined the fine and 
coarse aggregates into one paragraph in specifying quality, and have stipu- 
lated percentage limits for the ordinary deleterious materials which are 
usually covered by the specification “shall be free from injurious amounts.” 
We have also eliminated from the specification of quality of aggregate, 
any reference to grading. In the minds of the committee, grading is a 
feature of the proportioning of concrete and not of the quality of the 
ageregate. 

Another important departure from the recommendation of the Joint 
Committee has to do with metal reinforcement. We have eliminated the 
hard-grade billet steel and rail. steel for all bars larger than % in. where 
bending is required. In the matter of the quality of concrete we have made 
perhaps the greatest departure from the report of the Joint Committee. 
We have based the quality of concrete on the water-cement ratio, permit- 
ting a rather wide latitude in aggregate proportions but requiring the 
concrete to puddle readily into the forms. 


C. A. P. TurneR.—The construction of a beam or slab in which the Mr. Turner. 
depth is small relative to the span length requires certain precautions if 
the work is to keep its shape. In the cool weather of the spring and fall 
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as also in the winter, the better way is to heat the water with which the 
concrete is mixed to 100 or 120 deg. so that the setting may proceed 
rapidly and the uncertainty of complete curing when the forms are re- 
moved may be avoided. Concrete which is chilled in the early stages of 
curing may, after the removal of the forms, sweat during a rise of tem- 
perature and so soften as to get out of shape, and although in most cases 
it ultimately hardens again so that it can stand a good test load, it looks 
badly, may be cracked and its strength questioned, notwithstanding its 
load carrying capacity. Curing of concrete that has been chilled in its 
initial stages is slowly accounting for some failures. Heating the water 
to 100 deg. F. lessens the surface tension, results in a stronger concrete 
and avoids the uncertainty noted and the possibility of the work getting 
out of shape. 

Joint Committee rules on columns have been apparently devised with 
little regard to the variation of the elements which determine strength. 
Vertical reinforcement up to one or two per cent adds little to the strength 
of the concrete shaft having a diameter one-sixth or one-eighth the length. 
Spiral hooping without vertical steel toughens the shaft but under test 
it commences to crack and scale on the outside at approximately the ulti- 
mate compressive resistance of the unreinforced shaft of the same grade 
of concrete. When the reinforcement consists of a combination of hooping 
with the proper proportion of vertical steel, scaling and checking does not 
occur before 80 or 90 per cent of the ultimate strength is developed even 
when ordinary ties were used and the vertical steel distributed in the outer 
portion of the column a large increase in the strength is secured over the 
plain concrete or the strength of a prism which is vertically reinforced 
without ties. For example, in Bach’s tests 144 per cent of vertical steel 
with %4-in. ties spaced 2% in. c. to c. resulted in greater ultimate strength 
than 4.6 per cent vertical steel with 10-in. tie spacing. An increase of 
four-fold the amount of vertical steel increased the strength a smaller 
amount than an increase of four times in the volume of the small wire 
ties. The Joint Committee, failing to appreciate this relation, would per- 
mit %4-in. diameter ties for a 30-in. column, which would correspond rela- 
tively to the cross-section of hay wire in the practice of the contractor who 
put up the Cleveland building some years ago six or seven stories high 
and had a complete collapse before he finished. The committee rules pre- 
sent a dangerous oversight in carefully providing for fireproofing for the 
hooped column, which is the most reliable and permitting the entire sec- 
tion of the square rodded column to be counted upon as net section. The 
dangerous character of these rules has been demonstrated again and again 
by the extensive damage done to the rodded column by heat in fires as 
compared to the toughness and resistance of the hooped and vertically 
reinforced type. Notwithstanding such experience the committee permits 
higher values for the most dangerous type than they do for the more con- 
servative and safer type when these sections are small. This is brought 
about in part by the inconsistency with respect to fireproofing noted. The 
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relative proportion of the ties and the vertical steel in the rodded column Mr. Turner. 
and of the vertical steel and the hooping in the latter type have been 

given scant consideration by the committee since by increasing the amount 

of hooping much higher working stresses may be used with an increase in 

safety over the formula advocated by the committee. They present in 

their report no experimental evidence as to the effect of the variation in 

the relative percentages of the vertical steel ties and hooping. They have 

selected unfortunately those percentages which are uneconomical and fail 

to develop the maximum strength for the material used. 

The Joint Committee report was a distinct disappointment in its un- 
scientific treatment of shear. The Concrete Institute appointed a com- 
mittee some years ago that drew up a set of rules (empirical it is true) 
for the shear resistance of beams and the like. They permitted different 
values for what they termed punching shear and ordinary shear, treating 
as punching the resistance of the restrained or continuous beam, and as 
ordinary shear the resistance of the simply ‘supported beam. If we con- 
sider the divergent types of rotational strain under flexure we see that an 
original square on the face of a rectangular beam is deformed by bending 
into a trapezoid at the point of maximum curvature. Both diagonals of 
the square have been shortened in the compression zone and both have 
been lengthened in the tension zone. There is no rhombic distortion where 
the moment is a maximum. This latter kind of shear strain increases 
from the center toward the end in the simply supported beam and from 
the center to the point of inflection in the restrained beam decreasing from 
the point of inflection to the support and the total rotational strain is the 
sum of these two components. The rhombic component reduces to zero in 
the restrained beam at the support leaving only the trapezoidal component. 
Whereas at the end it is a maximum in the simply supported beam. Ac- 
cordingly the ground work for the distinction between the so-called punch- 
ing shear and shear may be roughly established. But each rotational de- 
formation results in cracking or failure of the material when it exceeds 
a definite magnitude. Because these combined deformations are readily 
computed and readily combined they should be treated in a rational man- 
ner. Rules of thumb and guess work should be eliminated from the rules 
of design. The committee has made no advance whatever in this respect 
but have complicated their specification with numerous rules which have 
no scientific foundation. 

The importance from the economic standpoint of a correct grasp of 
the nature of shear distortion or rotational strain lies in the fact that for 
certain ratios of depth to span length the resistance of the restrained 
beam to external shear force may be four or five times as great in terms 
of unit stress per square inches of cross-section as the shearing resistance 
of the simply supported beam and hence scientific analysis warrants econ: 
omy in materials and a material saving without sacrifice of safety. The 
extremes to which lack of familiarity with the fundamental principles 
governing the resistance of rotational strain is exemplified in the com- 
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mittee’s report on plates. The fundamental error in the ordinary building 
code rules as well as in those of the Joint Committee may be illustrated 
by experiment almost kindergarten in its simplicity. If we take a square 
plate of celluloid, drill it in the center, support it on four side and suspend 
a weight on a string through the hole, measure the deflection, then re- 
move two of the supports and measure the deflection of the plate under 
the same load when supported on two opposite sides, the deflection so 
found will be more than four times as great when the plate is supported 
on two sides than the measured deflection when it is supported on four 
sides. Now if the resistance of the plate were merely that of bending in 
two directions at right angles the effective moment would be divided by 
two because of four supports in place of two and the deflection should be 
halved instead of quartered. But the plate is not only bent but twisted 
and by the twisting the load concentrated at mid-span is distributed along 
the sides with its greatest“intensity at about the quarter-point of the 
sides. Now the distribution of the reaction outward along the sides from 
the center of the sides at right angles to the adjacent supports represents 
a force which is virtually a negative moment as opposed to the positive 
moment due to the load. Hence from the distribution of the reaction the 
magnitude of this virtual negative moment is more than half the positive 
moment due to the load. And whereas the effective-bending moment on 
the plate when supported on two opposite sides is WZ/4, it is less than 
WL/16 when supported on four sides or were the load uniformly dis- 
tributed the effective moment by the same reasoning would be less than 
WL/24 in each direction instead of WL/12 as ordinarily figured. In 
like manner an interior panel of a column supported plate if reinforced 
so that mat action is efficient will be called upon to resist not more than 
WL/24 distributed between mid-span and supports in the diagonal direc- 
tion and in the direction of the column lines as well in the square panel. 
The fundamental error of the committee’s report lies in their erroneous 
endeavor to determine the moment from three planes of zero shear instead 
of considering the eight different planes by which the panel is divided, to 
wit, the planes of zero shear which follow the column lines four in number, 
median lines parallel thereto two in number, and the diagonal lines two 
in number. When these various triangles are considered it is observed 
that for uniform load one-fourth of the panel load is transferred in a 
diagonal direction to each column. The moment of the load on these 
squares would be WL/16 total in the diagonal direction resisted partly 
over the supports and partly between the supports but as opposing this 
there is a twisting moment which sustains the half squares of the load 
which are transformed to the opposite columns in amount equaling 4 W 
times one-twelfth the diagonal span or WL/48 which deducted from WL/16 
leaves a total applied moment in a diagonal direction of WL/24, assuming 
the columns as mere points of support. 

The computation of effective moment which is in proportion to defiec- 
tion is an exceedingly simple matter not understood at all by our com- 
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mittee and because they do not understand these elementary relations their 
measured stresses in flat slabs fail to agree with computed stresses accord- 
ing to their theory within 400 or 500 per cent. It would seem as though 
flat-plate construction had been on the market long enough so that guess 
work might be eliminated from the committee’s rules and rational theory 
replace the guess work and empiricism. The writer has developed the 
theory of plates in Sec. III, “Elasticity and Strength of Materials,” in 
such wise that the stress mechanism curves of displacement and equi- 
potential are fully developed. He has also presented a like analysis of 
beams and shear distortion in Sec. II both for homogeneous and concrete 
beams. 

The Joint Committee explanation for the divergence between measured 
stress and computed stress on the ground that the tensile resistance of 
the concrete is responsible therefor is rendered irrational by the fact that 
the resistance found present when the steel is omitted is less than two 
per cent of that which they credit the concrete with possessing when it is 
weakened and its section reduced by steel embedment. Voting-on the adop- 
tion of rules as is customarily dene in our committees without regard to 
the agreement of these rules with experimental fact retards scientific 
progress in the industry and tends to perpetuate the myth that theoretical 
rules and practical knowledge are unrelated and antipodal in character. 

Pror. W. K. Harr.—tl have just been wondering what all this is about. 
As I understand it, a building code deals with public safety and all these 
matters of improved practice and of relative economy have no legal place 
in a building code. The Building Code Committee of the Department of 
Commerce, of which Mr. Woolson is chairman, sees a building code as 
applied to all sorts and conditions of men. A code must be widely appli- 
cable. We have tried in our Building Code Committee to tie up the 
elaborate Joint Committee regulations with a very simple code which can 
apply to small towns where there is no building official and no technical 
direction. We tried to do that by putting a clause in, something of this 
kind: In the absence of rules adopted by the building official and except 
as otherwise specifically provided in this code, the formulas and specifica- 
tions of the Joint Committee on Standard Specifications for Concrete and 
Reinforced Concrete, representing the American Society of Civil Engineers, 
the American Society for Testing Materials, the American Railway Engi- 
neering Association, the American Concrete Institute, and the Portland 
Cement Association, shall be assumed in calculating the strength of con- 
crete and reinforced-concrete structures, and designs shall conform therto. 
That ties up a very intricate document with a code that is in very simple 
language to cover small town men. 

Another difficulty in the adoption of a building code is the expense 
of the required publication, say, three times in three papers. Therefore 
it should be reduced to the simplest terms. Matters of good practice and 
information can be covered in a supplementary handbook which will be 
effective, even if not in the code itself. How far is it necessary to put 
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into a building code all these matters of relative economy and competition 
in design when a building code is primarily the exercise of police power 
to govern public safety? 

F. R. McMritnan.—The committee holds the theory that a building 
code should avoid detailed specifications of methods or materials, but 
should define the broad limits within which safe construction can be as: 
sured, leaving the way open as much as possible for improvements in the 
art. However, custom has decreed that certain items be included, as a 
guide to practice, such as methods of computations, customary limits of 
sizes, etc., and as a concession to this custom, the committee has included 
in its regulations, items that do not belong there under a strict interpre- 
tation of the province of a building code. 

Harpy Cross.—I am very strongly of the opinion that the Joint Com- 
mittee report needs very much more full discussion by the profession be- 
fore it is accepted by it or before any code is based upon it. I do not 
believe that a great deal of the Joint Committee’s report is warranted by 
any public data or by any clear analysis that has been published. The 
Shipping Board’s tests in regard to shear. have not been published. I do 
not think the profession should be requested to accept a report based on 
arbuments which are not stated and data which are not published. The 
old Joint Committee report was very conservative in some respects, per- 
haps too conservative, but in breadth of view I believe it is a very re- 
markable document as compared with the present report. It was less 
mandatory and less dictatory. It placed emphasis on the essentials and 
it did not make the method of figuring designs mandatory, and showed 
few hoofprints of. hobby horses in the concrete floor. The present report 
is incorrect in many places. I believe it is incorrect in Sec. 118, where 
it is stated that the flanges of beams do not assist in carrying the shear. 
I do not think that is the intention of the committee, yet that is plainly 
stated, and Sec. 122 is ambiguous. The same may be said of Sec. 123-B, 
182 and many others. I have heard many different interpretations of sev- 
eral of these clauses made by men who were certainly in a position to 
interpret them intelligently. Some of the clauses of the present Joint 
Committee report are simply ambiguous. The present Joint Committee, 
it seems to me, vacillates between dogmatism in certain non-essentials, as 
for example, in retaining walls, where they have specified that the canti- 
lever of a retaining wall shall be treated as a cantilever; it could not be 
treated as anything else. They have specified also that the counterfort 
shall be specified as rectanglar beams, which they are not. They pass to 
extreme vagueness in certain essentials and specify how we shall handle 
irregular beams, columns and slabs in all irregular cases. It is, I believe, 
radical and unprecedented as regards columns and especially as regards 
steel columns. It seems to me that the report of the Joint Committee 
makes concrete a poor thing of rules and formulas and a sort of red-headed 
stepchild in the structural engineer’s office. I do not believe that its code 
is helping the development of concrete construction. It needs to be clearer 
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and a great deal simpler. It should remove from the art the shackles 
of a detailer’s perspective. I wonder how many men here whose duty has 
not required it, have discriminately read the report? It breaks radically 
in half a dozen ways from American practice and precedent. 

. T. D. Mytrea.—tThe progress report of Committee E 1 not being avail- 
able in printed form makes it rather difficult to discuss. However, since 
the chairman of the committee has stated that this report is based upon 
the Joint Committee Specifications for Concrete and Reinforced Concrete, 
the writer will refer to specific clauses in the Joint Committee report, in 
order that Committee E1 may have definite clauses before them in con- 
sidering his discussion. 

In Clause 104, Sec. b, Formulas 6, 7, 8, and 9 neglect the fact that 
compression steel and concrete cannot simultaneously occupy the same 
space. This is not serious in Formulas 6, 7, and 8, except that their in- 
clusion at all implies a desire for exactness. In Formula 9, however, this 
difference may cause a considerable variation in the computed unit com- 
pressive stress in the concrete. 

In Clauses 115 and 118 it might be possible to make the distinction 
between flange and stem a little clearer. Clause 115, for example, would 
imply that the flange is composed only of the overhanging portions of a 
T-beam, while in the footnote “taking into account the compression in the 
stem” the implication is that all that portion above the lower surface of 
the T, and extending clear across the beam, constitutes the flange. 

In Clause 121, Formula 29 applies only to beams in which the com- 
pression face is parallel to the tensile reinforcement. 

Formula 30, in Clause 125, might have been so stated as to give a 
clue to its derivation. As it stands it is irrational in form, and there- 
fore its origin should be made evident before it can be generally adopted. 

In Clauses 120 to 130 it has been made impossible to design beams 
without web reinforcement, unless in Formulas 31 and 32 “s” be taken as 
infinity. There are cases where it might be quite desirable to design beams 
without web reinforcement. Formula 31 does not seem necessary; For- 
mula 32 being correct for all angles, when the assumption is made that 
the diagonal compression always acts at 45°. 

It is not right to increase the value of the concrete in shear as would 
be permitted by Clause 128, simply because the reinforcement is anchored, 
since shear reinforcement merely prevents the opening of cracks and not 
their formation. 

Clauses 129 may lead to rather peculiar results. In a short beam it 
may be impossible to bend reinforcement except in a single plane. In a 
continuous girder, for example, carrying concentrated loads from beams 
at the third points of an 18-ft. span, panels square, floor load say 500 Ib. 
per sq. ft., it is almost imperative to make all bends in one plane at 45 deg. 
In this case, not uncommon, a limit of 75 lb. per sq. in. is needlessly con- 
servative. As a whole the clauses relating to shear in beams seem far less 
applicable to continuous beams than to simple beams. 
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Formula 34 also applies only to beams in which the compression face 
is parallel to the tensile reinforcement. For example, in a cantilever beam, 
rectangular in plan, triangular in elevation, horizontal along the top edge, 
with a concentrated load at the point, the steel stress is constant for its 
whole length. In such a ease, since there is no variation of the steel stress, 
no bond is developed, and full anchorage is required at both ends, regard- 
less of the value of V. If the same beam were loaded uniformly, the bond 
stress would be constant from end to end. This is the case in sloped top 
footings, and indicates that there may be very considerable bond even to 
the very ends of the rods, although from Formula 34 the bond stress there 
should be zero. Footings being probably the most important part of a 
building, this item is of grave importance. Of course these remarks hold 
true for all tapered beams such as counterforts, buttresses and balcony 
girders. 

In Clause 137, Formula 35 can easily lead to absurd results, since the 
length # includes the hooks. This may~mean that a hook embedded only 
a short distance in a supporting member would be allowed to carry a 
heavy stress. Obviously it is possible for such a hook to dislodge the 
piece of concrete between it and the surface. In ordinary construction 
work hooks are of much less value than is usually supposed, since in 
anchoring a rod they also exert a very serious splitting force. The prob- 
lem of shear and bond is far from settled yet, and while some of the 
governing conditions have been recognized in this report there is still a 
great deal to be said upon the subject. 

Formula 37, in Clause 145, giving the required thickness of flat slabs, 
is at least three times too long. It implies that we have an accurate 
knowledge with regard to flat slabs which does not exist, and since the 
whole design is largely empirical a shorter and more easily applied formula 
would serve the purpose just as well as Formula 37. 

In Clause 156, Formulas 40 and 41, there appears in the denominator 


the following expression: 0679 Lp n There seems no reasonable justifica- 
tion for this term in either formula. According to the footnote applying 
to Formula 3, Clause 104, this term is approximately equal to our familiar 
friends jk. Since it would take much longer to solve Formulas 40 and 41 
as stated than it would if jk had been used, there seems no reasonable 
justification for the introduction of an approximate value for one theo- 
retically exact. 

There appears to be no reason for either Formula 40 or 41, in the 
form given, since both of them merely give the stress resulting from the 
application of the usual laws of statics without reduction for flat slabs. 
If the reduction is permissible, as implied in Formula 39 for the steel 
stresses, why not in Formulas 40 and 41 for the concrete stresses? Flat 
slabs seem to be no more unsafe as regards concrete stresses than for steel 
stresses. 

The regulations regarding columns are loose in many respects. There 
seems to be no reason, for example, why it is less safe to use vertical rods 
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thoroughly tied together than to use a structural steel core composed of, mr. Mylrea. 
say, four angles lightly laced together; yet we are limited to two per cent 

on vertical rods without spirals, while no limit is placed on the reinforce- 

ment if in the form of structural steel. It would appear that longitudinal 
reinforcing without spirals is discountenanced by the Joint Committee. 

While certainly unsafe if buckling of the bars is not pr evented by thorough 

tying, the low limit is extreme. 

In the case of composite columns, Clause 168, some limit should be 
placed on the 1/r of the steel core, the only limit imposed being that re- 
sulting from the applications of Formulas 45 and 46. 

In Clause 170 it is possible with the reduction formula given in 
Formula 47 to design a reinforced concrete column 1 ft. sq. with 2 per 
cent of steel in it, 47 ft. long. Even with a length of 40 ft. such a column 
would carry at the top a very considerable load. 


CONCRETE PRopuctTs PLANT OPERATION. 
Submitted by Committee P-6. 


During the past three years the Committee on Concrete Products 
Plant Operation has submitted reports on 
(1) Design of plants (1922). 
(2) Cost Keeping (1923). 
(3) Economical Manufacturing Processes (1924). 


The committee felt that for 1925 it should produce, 


(A) A simplified recommended practice for manufacturing con- 
crete masonry units, easily understood and applied by 
products manufacturers. 

(B) A practical application of the data submitted in the 1924 re- 
port on the manufacture of light concrete building tile. 

(C) Investigation of the effect of various methods of curing. 


In order to facilitate the work of the committee, sub-committees were 
appointed to handle each subject. The appendices to this report contain 
the simplified Recommended Practice and also detailed data developed on 
the manufacture of light concrete building tile and on curing. These data 
have been studied by the committee and the following recommendations are 
offered on, 


(A)—Manufacture of Light Concrete Building Tile. 


(1) Concrete building tile complying with the requirements of the 
American Concrete Institute can generally be produced more economically 
than by present plant methods if accurate control is secured of the quality 
and grading of aggregates, quantities of water, cement and aggregate, and 
method of curing. 

(2) Concrete should be mixed as long as possible. If it is mixed 6 
minutes there is no apparent advantage in mixing dry part of this time. 

(3) With the amount of mixing water giving the best workability, 
there is no disadvantage in allowing concrete to remain unused up to two 
hours if the concrete is covered so that no evaporation takes place. 

(4) The maximum amount of water producing concrete that will not 
bulge or slump when removed from the machine, gives tile of maximum 
strength. 

(B) Method of Curing. 


(1) The most economical condition of curing is in an inclosed room 
at 70 deg. F. for 24 hours followed by outdoor storage until the product 
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has reached the required strength. The product should be sprinkled during 
the first 7 days of outdoor storage when the temperature is not below 
45 deg. F. 


(2) The proportion of cement to aggregate should be such that the 
required strength is obtained with storage for 28 days at temperatures 
above 70 deg. F. With temperatures below 70 deg. F., the required strength 
can be obtained, at 28 days by increasing the proportion of cement to 
aggregate or by lengthening the storage period. 


(3) Where it is desirable to use products at early ages, the strength 
can be increased by adding’ cement. In general for each 1 per cent in 
cement there is 1 per cent gain in strength desired. 


(4) With outdoor temperatures above 70 deg. F. it is not of advantage 
to inject heat or moisture into the curing rooms. It is recommended, 
however, that the walls and floor be soaked with water just prior to filling 
the room to minimize evaporation of water from the block. 


(5) When curing rooms are being heated during cold weather, a small 
amount of moisture should be injected into the rooms while the tempera- 
ture in the rooms is rising. 


(6) Products may be stored outdoors at 0 deg. F. after one day’s 
curing in moist air at 100 deg. F. 


(7) To minimize exposure and evaporation when stored in the yard, 
products should be piled compactly in large piles with cores vertical and 
a top layer with cores horizontal. 

The committee wishes to thank the Humboldt Gravel & Tile Co., 
Humboldt, Iowa; Bert Carey & Co., Forest Park, Ill.; Structural Materials 
Research Laboratory, Lewis Institute, Chicago; and the Buffington labora- 
tory of the Universal Portland Cement Co. for their co-operation in carry- 
ing out these tests. The committee wishes to express its appreciation to 
the members of the subcommittees for the work done by them and also to 
Messrs. M. C. Tobias and Benjamin Wilk of the Universal Portland Cement 
Co., and A. Timms of the Structural Materials Research Laboratory, who 
are not members of the committee, for their work in the making of tests 
and in the preparation of the reports. 
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RECOMMENDED PRacTICE ror THE MANUFACTURE OF CONCRETE 
Burtpine Brock, Burtpine Tire anv Brick. 


Submitted by Committee P-6. 
I. FOREWORD. 


These recommendations are intended to assist in the manufacture ot 
concrete building block, building tile and brick that will meet the require- 
ments of the Standard Specifications of the American Concrete Institute. 
Particular attention has been given to those features which will help to 
produce quality products economically. 


Il. MATERIALS. 
(A) Cement. 


1. Cement shall meet the requirements of the current standard speci- 
fications for portland cement of the American Society for Testing Mate- 
rials. Cement shall be stored so that it will not be exposed to moisture. 

Notes—Cement may be stored without loss of quality for several 
months if it is kept away from moisture. The storage room should be so 
constructed as to eliminate drafts of air through cracks, windows and 
doors. The height of the room should not be much greater than the height 
to which the cement is to be piled. If a wooden floor is used, a double 
floor with waterproof paper between is recommended. 

When cement is stored for a considerable time or in high piles there is 
a tendency for it to assume a condition known as “warehouse pack.” ‘This 
condition is not harmful as the “warehouse pack” will be completely broken 
up during the mixing of the concrete. ‘Warehouse pack” can also be 
broken up completely by rolling the sack. Where cement is piled over 7 
sacks high it is advisable to pile the outside sacks in alternate headers and 
stretchers to eliminate the possibility of piles over-turning. 

One complete shipment of cement should be used before any later ship- 
ment is used. 

The use of bulk cement has been found economical in products plants. 
When bulk cement is used, it is most accurately measured by weight. 

Ample storage space should be provided to insure that the plant will 
not be shut down due to delayed shipments. 


(B) Aggregate. 


2. Ageregate should consist of sand, pebbles, crushed stone, crushed 
blast furnace slag, or other approved inert materials with similar character- 
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istics or a combination thereof, having strong durable grains free from in- 
jurious amounts of dust, lumps, soft or flaky particles or shale, and should 
not contain injurious amounts of vegetable or other organic matter as de- 
termined by the colorimetric test. The diameter of the largest particle 
should not be greater than one-half of the thickness of the thinnest wall 
of the concrete building unit in which it is used. 

In no case should aggregates containing frost or lumps of frozen mate- 
rial be used, 

Notes—The grading of the aggregate particles has an important bear- 
ing upon the strength of the concrete. This subject is discussed under 
“Proportions for Mixtures.” 

Fine aggregate should be considered as the aggregate passing a screen 
having four (4) meshes to the linear inch. Coarse aggregate should be 
considered as the aggregate retained on a screen having four (4) meshes 
to the linear inch, 

Injurious amounts of very fine materials in the fine aggregate, such 
as silt and clay, can be determined by the following method: Fill a 32- 
ounce graduated prescription bottle to the 14-ounce mark with the fine 
aggregate to be tested; add water to the 28-ounce mark; shake vigorously 
for one (1) minute; allow to settle one hour. If more than one and one- 
half (114) ounces of sediment appears above the fine aggregate, the mate- 
rial represented by the sample should be rejected. It is not contended 
that conerete masonry units can not be made with aggregate containing 
more fine materials than the 10 per cent indicated by this test and still 
meet Standard American Concrete Institute Specifications. Such aggre- 
gate may require enough additional cement to render its use uneconomical. 

The colorimetric test is applied in the field to fine aggregate as fol- 
lows: Fill a 12-ounce graduated prescription bottle to the 444-ounce mark 
with the fine aggregate to be tested. Add a 3 per cent solution of sodium 
hydroxide (caustic soda, obtainable at any drug store) until the volume 
of fine aggregate and solution, after shaking amounts to 7 ounces. Shake 
thoroughly and let stand for twenty-four (24) hours. The sample should 
then show a practically colorless solution not darker than straw color. 
If the solution is darker than straw color, the fine aggregate represented 
by the sample should be rejected unless it has passed a mortar strength 
test in a properly equipped testing laboratory in which case the aggregate 
in question should show a strength at least equal to that of standard 
Ottawa sand. Often fine aggregates which show an unsatisfactory colori- 
metric test can be thoroughly washed and a subsequent test will show 
that the objectionable organic material has been removed. 

Plants having stationary aggregate bins can easily place steam coils 
around the inside of the bins to thaw out aggregates during cold weather. 
With this arrangement, there is an assurance that no frozen material will 
be used and, in addition, heated materials will assist in the early harden- 
ing of the concrete which is especially to be desired in cold weather. 
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Where there are no material bins, frozen aggregates or those con- 
taining frost can be warmed up to proper temperature by placing over 
steam coils or on a section of pipe or smoke stack over which a fire has 
been kindled, or by thrusting a perforated pipe into the pile and blowing 
live steam through it. 

Continuous rotary sand dryers and heaters are made by most manufac- 
turers of elevating and conveying machinery. Such equipment is, how- 
ever, somewhat expensive. 

The grading of the particles in aggregate has such an important bear- 
ing upon the strength of concrete, that it is unsatisfactory to use bank- 
run gravel or crushed-run stone in cases where the ratio of fine to coarse 
varies. It is always safe to separate the fine and coarse material on a 
screen having four (4) meshes per linear inch and recombine them in 
definite proportions. If this is not done, the aggregate should not be used 
unless analyses are made and deficiencies in grading corrected or com- 
pensated for. ; 

Fine and coarse aggregates should be stored in separate bins. When 
it is necessary to pile aggregates outside, material in the bottom of the 
pile which has become mixed with dirt should be discarded. 


(C) Water. 


3. Water should be free from injurious amounts of oils, acids, organic 
material or other harmful matter. 

Notes—Water fit for drinking purposes is generally suitable for con- 
crete. If there is any question as to the concrete making quality of avail- 
able water, its suitability should be determined by tests of representative 
samples in a competent laboratory. 

It is advisable to heat the water during cold weather operation be- 
cause of its effect in hastening early hardening. The simplest method is 
by introducing a steam nozzle into a barrel of water. There are a number 
of efficient water heaters on the market. 


(D) Ooloring Pigments. 


4. Only mineral pigments shall be used. These pigments should be 
fully guaranteed by their manufacturer to contain no ingredients which 
will be affected by lime, cement and weather. i 


(E£) Proportions. 


5. The proportions of cement to aggregate shall be such that the 
products will conform in strength and absorption to the current require- 
ments of the American Concrete Institute for such products or conform 
with any state or municipal building code under whose jurisdiction the 
products are used. 

Notes—Following is a summary of strength and absorption require- 
ments for concrete building units as given in the Tentative Standard Speci- 
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fications for Concrete Building Block and Concrete Building Tile and the 
Tentative Standard Specifications for Concrete Brick of the American Con- 
crete Institute. 


ConcrETE BUILDING BLOCK AND BUILDING TILE. 


Compressive Strength, Ib. per sq. in. 
of gross cross-sectional area as 
laid in the wall 


Average of3 Min. for Individ- 


: or more Units ual Unit 
Heavy load bearing block or tile ........... 1200 1000 
Medium load bearing block or tile ..... ---. 100 600 
Non-load bearing block or tile .............. 250 200 


CONCRETE BRICK. 


Compressive Strength, lb. per sq. in. 
of gross cross-sectional area as 
laid in the wall 


Average of5 Min. for Individ- 
Specimens ual Unit 


‘All: concrete: brickss, peti eee e500 1000 


Maximum absorption of concrete building block and building tile is 
10 per cent of the dry weight of the unit, subject to corrections for light 
weight aggregate concrete. The maximum absorption for concrete brick is 
12 per cent of the dry weight of the brick. The methods of testing are 
described in the Tentative Standard Specifications. 

The only manner in which the physical properties of a concrete 
masonry unit can be definitely determined is by tests in a properly 
equipped laboratory. Fortunately such laboratories are to be found in 
every section of the country. 

In general, the coarser the grading of an aggregate, the greater will 
be the strength of concrete resulting from the same proportions of cement 
to aggregate. Thus the addition of coarse material to aggregates lacking 
in it, results either in economy or a stronger concrete, or both. 

The coarseness of grading of aggregate is limited by its workability 
in the process or type of molding machine, for when a mixture becomes 
harsh working, the limit of increased strength due to coarse grading has 
been reached. Sometimes the grading which will give concrete of the 
greatest strength will produce units of too rough a texture to be salable. 
The size of the maximum aggregate is also limited by the size and shape 
of the concrete unit. 

In order to determine the proper proportions of cement to aggregate 
to produce concrete masonry units of desired quality, units should be 
made and tested using different combinations of fine and coarse aggre- 
gates with various proportions of cement to mixed aggregates, such as 
1: 4,1: 6 and 1:8. The information thus obtained will serve as a guide to 
the most economical combinations of available materials. 
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It is strongly advised that sieve analyses be made on all combinations 
of aggregates used in the tests outlined above. A simple measure of the 
grading. of aggregates has been developed called the fineness modulus* 
which is readily calculated from the sieve test. The sieves used are such 
that the linear dimension of the clear square opening of each sieve is twice 
that of the next smaller sieve in the series. The following gives the sieve 
sizes used and illustrates a typical fineness modulus determination. 


FINENESS MODULUS OF A COARSE SAND. 


Sieve Size Dimension of square Per cent by Weight 
or No. opening (inches) coarser than each sieve 

LOOM Areas atloae Soste 0.0058 97 
ONE SNC RRO, EOC Oe St es -0116 81 

ao), NAGS Ong RG OTe te .0232 63 

WAR ey eee abn ccs 6) Siete gn Mace eee .046 44 

SNe tre ome cle ets, aoe 093 PAS) 

1 a Os SERS. Bee PRR REE AI .185 5 

Se ELT ie rei one Cotlan, renee Parokey cre aiff 0 

Sy MUA ee etek ate Set ae tatand AY 3) 0 


Fineness Modulus = 3.15 


The sieve analyses are expressed as percentages coarser than each 
sieve. For example, 97 per cent of the entire sample is coarser than the 
100-mesh sieve, 81 per cent is coarser than the 48-mesh sieve, etc. The 
fineness modulus is the sum of the percentages in the sieve analysis divided 
by 100. 

Increased strength will result by adding coarse material to aggregates 
having fineness moduli below those shown in the following table: 


Aggregate graded Economical Range of 
from Fineness Modulus 
OLERINORG Sik acaetceseate a store ek eierecsaakehars Sect siettasreel als. 5, areke eres 2.50 to 2.90 
(ae IN Ose eters eo one eas cineiet yell c. otis leyererenavemetere a ers'e 2.90 to 3.50 
OMS SCRE w Mare tmr ace aerate tate seta ain crete al gv. we rie eae 3.50 to 4.25 
Okey Gaeta tamed Se sce, Ste rchce secpaetes a aise wiles. deeiss- niche torelie etletate 4.25 to 4.50 
De Sho iti, Ste ete oe a oe eects RIO ie een eInIC ons 4.50 to 5.00 


Whatever method is employed to obtain most advantageous grading 
of aggregates, a set of standard sieves furnishes a positive method of check- 
ing the grading. If a quantity of material is delivered which has a lower 
fineness modulus than that desired, a sieve analysis will indicate changes 
in proportions to maintain an even quality of product. If, on the other 
hand, delivered aggregate is too harsh, an analysis will disclose the amount 
of fine material to be added in order to reduce the fineness modulus to the 
determined. standard. The knowledge that variations in the grading of 
aggregates will affect the strength of concrete products as much as 100 per 
cent in extreme cases is of little value unless definite means are taken to 


*Refer to Bulletin No. 1 ‘Design of Concrete Mixtures,” Structural Mate- 
rials Research Laboratory, Lewis Institute, Chicago. 


Sieve Analyses. 


Checking Grading 


Consistency. 


Tamped Method. 


*Mixing 
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control this factor within reasonable limits. Many cases may be cited 
where manufacturers have increased the yield in number of units per barrel 
of cement as much as 50 per cent without loss in quality, simply through 
careful analysis of available aggregates and the application of the prin- 
ciples briefly outlined herein. 


Ill. MANUFACTURE. 


(A) Consistency. 


6. Conerete to be used in units made on a tamp or pressure machine 
should be mixed as wet as practicable, allowing immediate removal from 
the mold, without sagging or distortion. Concrete to be used in units made 
by the cast process should be mixed as dry as practicable to completely 
fill the molds and produce acceptable surfaces. 


Notes—Most tamped block are made too dry. Most cast block are 
made too wet. Under given conditions a definite amount of water ig re- 
quired to produce concrete of maximum strength. Any variation from 
this amount will reduce the strength. Variations of 50 per cent in the 
strength of concrete are often observed due solely to changes in water con- 
tent. It is essential, therefore, that the water used be as carefully con- 
trolled as the proportions of cement to aggregate. : 

In the tamped method, products can be made wet enough to draw free 
water to the surface by trowelling and show water web marks upon re- 
moval from machine. There is a natural tendency to use too dry a mix 
because less care in handling is required. When concrete block are made 
by pressure the concrete can be made wet enough so that a slight excess 
of water will be forced from the block when the full pressure is applied. 

Much drier mixtures may be used with wet cast block than are gen- 
erally considered possible. Vibrating machines are helpful in settling the 
concrete. 


(B) Mising. 


7. Cement and aggregates should be mixed dry until a homogeneous 
mass is obtained. The materials should be mixed at least two minutes 
after the water is added. 


Notes—An increase of from 30 per cent to 50 per cent may be expected 
by lengthening the time of mixing from one to ten minutes, in concrete 
of the consistencies usually employed in products manufactured. Half of 
this gain in strength may be obtained by increasing the time of mixing 
from one to two and one-half minutes. Experiments have developed the 
fact that there can be a great variation in the speed of the mixer without 
an appreciable change in strength. Products plants should have sufficient 
mixer capacity so that concrete can be mixed to conform with the time 
of mixing recommended, Thorough mixing not only results in increased 
strength but also in better workability. 
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(O) Oompacting. 


8. Machine tampers should be used in the manufacture of tamped 
units. Vibrating devices are recommended for wet cast products. 

Notes—Uniformity of compacting is important in all concrete products 
manufacture. Machine methods are much preferred over hand methods. 


(D) Curing. 


9. The products should be cured sufficiently to attain the strength 
recommended herein at twenty-eight (28) days or when used. 

The term “steam curing” applies to any method of curing where con- 
crete building units are kept in a warm damp atmosphere during the 
early hardening period and the heat is supplied by steam in a curing 
chamber. During the curing period it is desirable that the temperature of 
the curing chamber should not fall below 100 deg. F. When the outside 
temperature is never below 50 deg. F. the products should be steam cured 
at least twenty-four (24) hours and then placed in storage and kept moist 
for at least four days. When the outside temperature falls below 50 deg. F. 
the products should be steam cured at least forty-eight (48) hours. 

If cured by sprinkling, concrete products shall be kept moist for a 
period of at least five days in an enclosed room where the temperature is 
not allowed to drop below 50 deg. F. and the average temperature is 
65 deg F. or above, after which they shall be placed in storage and kept 
moist an additional five days. When the outside temperature falls below 
50 deg. F. the products shall be kept moist in the enclosed room for a 
period of ten days. 

Notes—The hardening of concrete is due to a chemical action which 
takes place in the portland cement. Moisture is necessary for this action 
which stops as soon as concrete is dried out. Heat assists the hardening 
of cement and the concrete attains the strength more quickly in high than 
in low temperatures. Curing is the process of keeping concrete wet during 
the early hardening period until it has attained sufficient strength to be 
successfully used for the purpose for which it is intended. The addition 
of artificial heat hastens curing and permits the manufacturer to prepare 
his products for market in the shortest length of time. 

The steam curing recommendations given represent the minimum con- 
ditions which have been found in practice to give uniform and satisfactory 
results, and are not intended to convey the impression that additional 
curing will not be beneficial. 

One method of supplying moisture in steam curing chambers is by 
introducing free steam into the air, either directly from the heating pipe 
or through water troughs. In some recent installations, the pipe which 
furnishes steam for moisture is independent of the radiation coils. Another 
method which has several advantages, is to furnish moisture through fog 
sprays from a pipe running the length of the curing chamber directly be- 
low the roof. Heat is supplied independently through standard steam 
heating equipment in which the condensed steam returns to the boiler. 


Steam Curing. 


Sprinkler Curing. 


Use of Hydrated 
Lime. 


Calcium Chloride.} 


Selected Graded 
Aggregates. 


Vapor Spray. 
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The value of keeping products moist in storage after steam curing 
is not widely recognized by products manufacturers. This practice should 
become general. The expense is small. Ordinary garden sprinklers, fre- 
quently moved, furnish a simple method of keeping products wet in storage 
piles. Perhaps the best arrangement is a system of overhead pipes with 
stationary sprays which can cover the entire storage place. Such a system 
has been installed at several plants. Sprinkling by hand, although not as 
efficient as either method mentioned, is much better than no wetting. 

Curing by sprinkling is satisfactory but takes longer than by steam. 
In sections where winters are severe, curing by sprinkling is practically 
prohibited in cold weather because of the cost of heating a room large 
enough to hold ten days’ production. 


(EL) Admiztures. 


10. The use of admixtures in general is not recommended. 

Notes—The “workability” of lean mixtures is slightly increased and 
the workability of rich mixtures changed but little with the addition of 
hydrated lime. Under the same conditions, the addition of like amounts 
of portland cement produces the same results. 

Calcium chloride in quantities of not more than 3 per cent by weight 
of the cement has been used as an admixture to increase the strength of 
concrete during the early hardening period, thus decreasing the length of 
time before the release of pallets or molds. 

Attention to consistency and thorough mixing often overcomes ap- 
parent difficulties in concrete mixtures for products. The introduction of 
another material to the mix adds another variable. Usually it is better 
to properly manipulate the materials now employed than to introduce 
new ones. 


(F) Surface Finish. 


11. Surface finishes shall be composed of suitable materials so applied 
as to insure permanency of color and texture. 

Notes—In general, the indiscriminate use of rock face block, such as 
in entire buildings, should be discouraged. 

Beautiful and durable surface effects are obtained through the use 
of selected colored and graded aggregates. Mixtures for surface facings 
may be determined by trial. Gradings of aggregates having the least 
voids are best as more aggregate surface will be exposed. Fine material 
in special surfaces should be avoided because of its tendency to cause sur- 
face crazing. Aggregates chosen for surface colorings should stand up 
upon exposure to weather, thus some marbles, feldspars, sandstones, etc., 
are to be avoided. 

The aggregates may be exposed by removal of the surface film of 
cement by three general methods depending upon the hardness of the con- 
crete. (1) A very fine gentle spray blown on the surface of the concrete 
soon after molding, (2) Scrubbing with a stiff fiber or wire brush and 


ah Oe 
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water before the concrete has become too hard, (3) Etching with mauriatie 
acid solutions from 10 per cent to 30 per cent strength. In order to stop 
the etching the acid must be thoroughly washed with clean water from 
the surface of the concrete. 

When mortar colors are used, they should not exceed 10 per cent by 
weight of the cement in the mixture. Coloring pigments should be very 
thoroughly mixed with the cement before either water or aggregate is 
added. 

It is recommended that color effects be obtained as far as is possible 
by the use of exposed aggregates, because of the care required to secure 
rich and uniform shades by colored pigments. In general, more uniform 
results may be expected in the lighter colors. An effective use of colored 
pigments is found in producing mortar to blend with exposed aggregates. 

Variations in the color of the materials, including the pigments them- 
selves, are such as to make color formulas only approximate. Best results 
are obtained by experiment or trial. After selecting the primary color de- 
sired, the exact color may be determined by preparing a number of small 
mortar panels which should be made of the same materials and propor- 
tions as are intended to be used in the actual work. Panels will have a 
darker shade when wet than when dry. ' 

The best method in products manufacture is to mix cement and pig- 
ment in a ball mixer. Pigment colored surfaces are to be protected from 
direct sunlight and kept moist for several days. The intensities of shades 
produced by mineral pigments will be increased by more thorough mixing 
of the mortar or concrete. Therefore care should be taken to secure a 
uniform time of mixing. 


MANUFACTURE OF LicHT ConcrETE BUILDING TILE. 
Submitted by Oommittee P-6. 


Practical application of the principles of products plant operation dis- 
cussed in the 1924 report of Committee P-6 was made in a series of tests 
on 5x 8x 12-in. concrete building tile conducted at the plant of the Hum- 
boldt Gravel & Tile Co., Humboldt, Iowa, and the Structural Materials 
Research Laboratory, Lewis Institute, Chicago. The tests were made to 
determine 


(1) Economical mixes for commercial use, 

(2) Effect of using concrete at various intervals after mixing, 

(3) Effect of mixing concrete part time dry and part time wet 
as compared with mixing continuously wet. 


Outline of Tests. ; 

Concrete to be mixed 6 minutes. Tile to be made from 1: 4 to 1:9 
mixes. 

Materials to be proportioned by weight. Specimens to be steam cured. 

Best quantity of water for each mix to be determined by trying sev- 
eral proportions of volume of water to volume of cement (water-cement 
ratio) for 1: 5 and 1: 8 mixes, and then calculating for other mixes. 

Seven specimens to be made for each reference number, 5 specimens to 
be broken in compression and 2 specimens to be tested for absorption. 
Parallel tests to be made on 2x 4-in. cylinders. 


Materials. 


Aggregate—Four commercial sizes known as No. 2, No. 5, Torpedo. 
and asphalt sand from gravel plant of Humboldt Gravel & Tile Co. 

Cement—Universal Portland Cement in bulk. 

Water—Well water as used in plant. 


Grading of Aggregates. 

A grading of aggregate (Fig. 7) which gave excellent results in the 
Cincinnati tests described in the 1924 report of Committee P-6 was used 
as a guide in determining the proportioning of the aggregates. In order 
to obtain a grading approximating that shown as “A”, Fig. 7, (F.M. = 3.7), 
4 available aggregates were used, in the following proportions, giving a 
fineness modulus of 3.7. Shown as “B”, Fig. 7, 


Per Cent 

Pat’ OO a apie den aller pee eke eee eae No. 2 sand 
AOS Oo S-6 S05 Bu oe oo be Torpedo 
Ee Oc A hee ccreine ¢ No. 5 sand 
LO ete conde bho eee Asphalt sand 
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Table 2 shows sieve analyses of all aggregates, some as actually made 
and others as calculated, 


TABLE 1.—OUTLINE or Tests. 


Time of eae, ae Bee Total 
Mix by minutes etween Mixing | Ratio of Volume | Number 
Reference No. Dry Weight of Concrete and of Water to of 
Making of Tile, |Volume of Cement] Specimens 
Dry Wet hours 
; Pee eee Fl aie ae 
1.0 
:| Sty Mt an cies 6 1:5 3 3 0 | 0.95 21 
0.90 
4 
0 
5 Y% 
A, 
E SBscn eR SOn aoe 1:5 3 3 4% 0.95 35 
8 2 
9 
1.45 
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li 1.25 
12 
1 aerate 44 {| 3 ahi oie 0.805 4 
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3 
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27 0 6 0 
1 
28} A ihe ones Aare { é ; \ 0 1.10 14 
17 0 
BS ai eiters nesio cures -ets oie a7 3 3 1 1.24 21 
19 2 
28} Pete Reh 1:8 { 3 \ 1.39 14 
21 0 ) 
Di acon, sen Rd 1:9 3 3 | a j 1.61 21 
if —_ 
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TaBLE 2.—Sinve ANALYSES OF AGGREGATES, PER CENT COARSER THAN A 
Given SIEVE. 


Sieve Size Asphalt wee aes Grading Actually Used 
‘igure 9 igure 9 = a 
or Number | No. 2 aoe Bont San Desired | Calculated 

December 1 | December 2 

99.0 100.0 100.0 83.0 96.0 98.0 97.0 97.0 

95.0 99.0 100.0 48.0 86.0 92.0 90.0 92.0 

80.0 98.0 100.0 16.0 72.0 79.0 77.0 CH 

31.0 97.0 100.0 1.0 56.0 48.0 51.0 46.0 

16.0 91.0 99.0 0.0 39.0 38.0 41.0 37.0 

3.0 21.0 91.0 0.0 20.0 15.0 22.0 14.0 

0.0 0.0 5.0 0.0 0.0 1.0 1.0 1.0 

3.24 5.06 5.95 1.48 3.69 3.71 3.79 3.64 
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The moisture content for each aggregate was 


Per Cent 
IN OFF. 2 racstecac tees ter eae 5.9 by weight of dry aggregate 
Torpedor 2.) sate By ere” ¢ 
Nod Fae eee Sle rs a : 
Asphalt@sand = ssn: UY er ee us 


The calculated moisture content of the combined aggregates as used 

was 5.65 per cent by weight of dry aggregate. : 

A cubic foot of dry rodded mixed aggregate weighed 112 lb. A cubic 

foot of wet mixed aggregate measured loose weighed 93% lb. As there was 
93.5 

= 88.5 lb. of 


5.65 per cent moisture in the aggregate, there was 
105.6 

dry aggregate in each cubic foot of wet mixed aggregate measured loose. 

To obtain 100 lb. of dry aggregate, 105.65~Ib. of wet aggregate as used 

was required. 

Following is the calculation to show how to determine proportions by 
dry rodded volume from the proportions by dry weight as used in these 
tests. For each batch 528 Ib. of wet aggregate, equivalent to 500 lb. of 
dry aggregate, was used. For a 1: 5 mix by dry weight, 100 Ib. of cement 
‘to 500 lb. of dry aggregate was used. Cement is figured at 94 lb. per 
cubic foot. 


500 
—— = 4.464 cu. ft. of dry rodded aggregate. 
112 
100 
—— = 1.064 cu. ft. of cement. 
94 


1.064 ; 4.464=1: 4.2. 


Therefore 1: 5 by dry weight was equivalent to 1: 4.2 by dry rodded 
volume, 


4.2 
iLO 4 
5 


Proportion by dry rodded volume, therefore, could be obtained by 
multiplying proportion by dry weight by 0.84. A proportion of 1:9 by 
dry weight could equal 1: 9x 0.84 = 1: 7.56 by dry rodded volume. 

Proportions by volume measured wet and loose could be calculated as 
follows: 


528 
—— = 5.65 cu. ft. wet aggregate measured loose. 
03:00 
100 
—— = 1.064" cus ft. of cement: 
94 


1.064 : 5.65=1: 5.31. 
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Therefore, 1:5 by dry weight was equivalent to 1: 5.3 by volume 
measured wet and loose. 


5.31 
062; 
5 


Therefore proportion by volume measured wet and loose could he ob- 
tained by multiplying proportion by dry weight by 1.062. 


Mixing. 

The concrete was mixed in an Ideal bottom dump, batch, paddle 
mixer, having a capacity of 14 cu. ft. loose material. Because of the size 
of the mixer, it was convenient to use 528 lb. of wet aggregate (500 Ib. 
dry aggregate) in each batch. The quantities of cement and water were 
changed to give the proportions and workability desired. Each aggregate 
as well as the cement and water was weighed separately on a platform 
scale for each batch. The aggregates were put in the mixer first, then the 
cement and finally the water. Most of the tile were made from concrete 
mixed for 6 minutes after the water was added. The remainder of the 
tile were made from concrete mixed three minutes dry before the water 
was added and then three minutes after the water was added. 


Test Pieces and Making of Tile. 


Most of the conerete was used immediately after mixing but some of 
the concrete was set aside and made into tile one-half, one and two hours 
after mixing. In order to prevent loss of water, the concrete thus set aside 
was placed on a damp concrete floor and covered with damp burlap until 
used. The temperature of the work room was approximately 65 deg. F. 
The tile were made on an Ideal Roll-Over machine and were commercial 
5 x 8 x 12-in. tile with cores vertical. The proportion of net area in bearing 
to gross area is 42 per cent. The regular plant force was used. Each tile 
was tamped with eight blows, the usual commercial practice with this 
machine. The size of the mold box allows two tile to be made simultane- 
ously. The tile were put on racks as soon as made and taken into the 
steam room with a lift truck. 

During the making of the tile it was noticeable that in the lean 
mixes the concrete under one tamp foot was cracking frequently. The 
bottom of this tamp foot did not have a uniform contact with the concrete. 
An analysis of the low breaks seems to show that this tamp foot was 
responsible for a number of breaks that are out of line with other breaks 
in the same set of tile. The average strength results can, therefore, be 
considered conservative and possible in regular plant operation. 


Curing. 
As the tile were made Dec. 1 and 2, they were cured for 21 days in 
a steam room at an average temperature of 70 deg. F., in order to ap- 
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proximate a favorable and uniform curing condition. This method of 
curing would tend to eliminate variations in the strength of tile left to 
cure out of doors and yet would not develop strengths that might be con- 
sidered out of line with commercial practice. Temperature readings taken 
every 6 hours while the tile were in the curing room showed a range of 
temperature from 50 to 80 deg. F., averaging 70 deg. F. At the end of 
21 days the moist tile were crated in straw and shipped to the Structural 
Materials Research Laboratory, Lewis Institute, Chicago, for test. On 
account of the zero weather which occurred while the tile were in transit, 
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FIG. 1,—VALUES USED IN DETERMINING BEST WATER CEMENT-RATIO FOR 
BUILDING TILE, 


they arrived at the laboratory in a frozen condition. The tile were, there- 
fore, allowed to thaw and dry in the warm air of the laboratory at approxi- 
mately 70 deg. F. for 4 days before being tested at the age of 32 days. 
The original intention was to break these tile at 28 days but the condition 
of the tile upon arrival at the laboratory necessitated holding them for 
the extra 4 days. 

Testing. 


The tile were tested in accordance with the 1924 Tentative Standard 
Specifications of the American Concrete Institute for concrete building tile. 
In general, 5 specimens in each group were tested for compressive strength, 
and 2 additional tile for absorption. A 200,000-lb. Universal testing ma- 
chine was used for the compressive strength tests. Compressive tests were 
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also made on the 2 tile used in the absorption test in order to obtain 
information as to the effect of making an absorption test on a tile which 
is later to be tested in compression. The results of these compressive tests 
are given in Table 3, but are not included in summary and have not been 
used in making any of the diagrams. The values as tabulated and plotted 
are generally the average of 5 tile for the compressive strength and the 
average of 2 tile for absorption. 


Two by Fowr-inch Cylinder Tests. 


In order to compare the strength of tile with the strength of 2x 4-in. 
cylinders, a sufficient quantity of the aggregates was sent to the Buffington, 
Indiana, laboratory of the Universal Portland Cement Co. to make parallel 
tests on the effect of varying water-cement ratios, and the effect of varying 
quantities of cement to aggregate. The same water-cement ratios and 
proportions of cement to aggregate as used in the tile series were used in 
the cylinder series. The cylinders were made in accordance with the spec- 
ifications of the American Society for Testing Materials. They were kept 
in the moist closet for one day and then under water for 27 days before 
being tested at the age of 28 days. Each value as used is the average of 
5 cylinders. See Fig. 6 and summary. 


Discussion of Tests. 


The proper quantity of water to use for each mix was determined by 
first deciding on the right quantity for a 1: 5 mix and also for a 1: 8 mix. 
From the Cincinnati tests on light concrete building tile, a definite rela- 
tion had been determined between mix and the proportion of volume of 
water to volume of cement as expressed by the water-cement ratio for a 
specific aggregate. It was found that the maximum amount of water 
should be used which would allow the product to be stripped from the 
machine without bulging or slumping. With this relation as a basis, the 
best workabilities were easily secured by using quantities of water within 
which it was felt the best results both for strength and workability would 
be found. (See Fig. 1.) For the 1:5 mix the quantities of water used 
were in proportions of 1.0, 0.95 and 0.90 to the volume of cement. The 
best workability was obtained with a proportion of 0.95. This quantity of 
water gave concrete, which when worked in a ball for half a minute as 
suggested by the 1924 report, showed a good film of moisture on the gsur- 
face. For the 1: 8 mix, the quantity of water giving the best workability 
was in the proportion of 1.39, to volume of cement. This checked with the 
Cincinnati tests. A straight line relation (See Fig. 5) passing through 
0.95 for a 1: 5 mix and 1.39 for a 1: 8 mix gives 0.805 for a 1: 4 mix, 
1.10 for a 1:6 mix, 1.24 for a 1: 7 mix, 1.53 for a 1: 9 mix. In making 
the complete series of tile beginning with the 1: 4 and using the quantities 
of water as determined by the proportion of water to cement for each mix 
it was found that the quantity of water for the 1: 8 mix gave a tile that 
was a trifle dry. This indicated that the 1: 9 mix on the same basis would 
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FIGURE 6 


FIG. 6.—COMPARISONS OF STRENGTHS OF TILE AND 2 BY 4 INCH CYLINDERS 
HAVING SAME AGGREGATE, WATER AND CEMENT CONTENT. 
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be too dry and it was, therefore, decided to add 5 per cent to the calculated 
quantity of water giving a quantity of water equivalent to a proportion 
of 1.61 for making the 1:9 tile. This quantity of water gave concrete 
that worked satisfactorily in the machine. 

It is interesting to note that the quantity of water which gave best 
workability also gave the best strength. For the 1:5 mix, the right quan- 
tity of water, equivalent to a water-cement ratio of 0.95, gave a strength 
of 1185 lb. per square inch of gross area. The wetter 1 water-cement 
ratio gave 1,120 lb. per square inch of gross area and the drier 0.90 water- 
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FIG. 5.—RELATION BETWEEN WATER-CEMENT RATIO AND MIX FOR FINENESS 
MODULUS — 3.7. 


cement ratio gave 1,060 Ib. per square inch of gross area. In the parallel 
2x 4-in. cylinder tests, however, the 0.90 water-cement ratio gave a strength 
13 per cent above the strength of the 0.95 water-cement ratio. This is no 
doubt due to the fact that more and better tamping is- possible on the 
cylinder than on the commercial tile, and a concrete that is too dry and 
is not workable on a tile machine can be made workable by tamping in a 
cylinder. Similar results as to workability were noticeable in the 1: 8 
series to determine best water-cement ratio. 


Effect of an Interval of Time Between Mixing of Concrete 
and Making of Tile. 


In this series, concrete for each mix was used from a single batch, 
being divided equally into sufficient amounts so as to make at least six tile 
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FIG. 4,_EFFECT OF AN INTERVAL OF TIME BETWEEN MIXING OF CONCRETE AND 
MAKING OF TILE, 
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FIG. 2.—EFFECT OF DIFFERENT METHODS OF MIXING, 
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for each condition. Some of the tile were made immediately, others in one- 
half hour, one hour and two hours. The time elapsed between mixing of 
concrete and making of tile seemed, to have no noticeable effect on the 
workability of the concrete in the machine. 'The strengths in general de- 
creased slightly the longer the elapsed time. For the 1:5 mix there was 
an apparent increase of 6 per cent on tile made at end of two hours over 
the tile made immediately. For the 1:7 mix, there was a decrease of 14 
per cent for the tile made at the end of two hours compared to tile made 
immediately, and for the 1:9 mix a decrease of 10 per cent. There is 
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FIG. 8.—RELATION BETWEEN STRENGTH AND ABSORPTION. 


apparently no advantage or disadvantage in allowing concrete to remain 
unused for one or two hours after mixing. (See Fig. 4.) 


Effect of Method of Mixing. 


All but four sets in the series were made from concrete mixed six 
minutes wet. These four sets were made from 1: 4, 1: 5, 1: 6, 1: 8 mixes 
and were mixed three minutes dry and three minutes wet, The results 
using the two methods of mixing were generally close. However the 1: 4 
concrete mixed six minutes wet had a strength of 1,520 lb. per square inch 
of gross area, and the 1: 4 concrete mixed three minutes dry and three 
minutes wet had a strength of only 1,150 lb. per square inch of gross area. 
Not enough tests were made to prove that this relation for the 1: 4 mix 
is in general true. The results would seem to indicate that by the end of 
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six minutes the concrete has been so thoroughly mixed that the effect of 
dry and wet mixing during the first three minutes is not noticeable. (See 
Fig. 2.) 

Strength and Absorption Tests. 

Though the absorption results are not as uniform as the strength re- 
sults, a straight-line relation between strength and absorption was found 
when all of the average values in the entire 27 tests were plotted. (See 
Fig. 8.) An absorption of 9.5 per cent corresponded with a strength of 
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“FIG, 3.—RELATION BETWEEN NUMBER OF TILE PER SACK OF CEMENT AND 
STRENGTH OF TILE. 


500 lb. per square inch of gross area, an absorption of 7.5 per cent with 
a strength of 1,000 lb. per square inch of gross area, and an absorption of 
5.75 per cent with a strength of 1,500 Ib. per square inch of gross area. 

The relation between strength and water-cement ratio for tile (Fig. 6) 
is similar to the relation between strength and water-cement ratio for 
concrete in general, developed by Professor Abrams, Bulletin 1, Structural 
Materials Research Laboratory, p. 3. The values in the tile series are 
approximately 400 lb. per square inch net area higher than the values in 
Bulletin 1 for similar water-cement ratios. This is probably due to the 
fact that the concrete in the tile is tamped while the concrete in the 
Structural Materials Research Laboratory tests is rodded. At the Buffing. 
ton, Ind., laboratory, where the cylinders for these tests were made, the 
concrete was tamped. 


ConcRETE Propucts Phan OPERATION. 493 


Number of Tile Per Sack of Cement. 


Though no effort was made to calculate accurately the number of tile 
made from, each batch of concrete, it was found that on the average 35 
tile were easily obtained per batch. On this assumption, calculation was 
made as to the number obtained per sack of cement. Fig. 3 shows the 
relation between the number of tile per sack of cement and strength of 
tile. Assuming a desired strength of 780 Ib. per square inch of gross area, 
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FIG. 7.—CURVE OF GRADING AS USED. 


46 tile can be obtained per sack of cement. For a strength of 1,500 Ib. per 
square inch of gross area, 25 tile can be obtained per sack of cement. 


Comparison, of Strengths of Tile Broken After Being Tested for Absorption 
and Strengths of Tile Broken Without Absorption Test. 


The two specimens from each group that were tested for absorption 
were allowed to dry for five days after the absorption test and were then 
tested in compression at an age of 37 days. Leaving out of consideration 
five of the 27 groups that were quite evidently out of line, the strength 
of the five tile from each group tested at 32 days without absorption aver- 
aged 2.8 per cent more than the strength of the 2 tile from each group 


tested at 37 days after being put through the absorption test five days 
previous. 
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Table 3 is a comparison between the strength of the tile tested at 32 
days without being put through the absorption test and the tile tested at 
37 days after drying five days after being put through absorption test. 


TABLE No. 3. 


COMPRESSIVE STRENGTH. 
Lbs. per sq. in. Gross Area. 


Tested without Tested after 
Reference Absorption at Absorption Test 
Number 32 days at 37 dayst+ 
1 1,120 1,265 
2 1,185 1,195 
3 1,060 1,085 
* 4 885 1,145 
5 1,160 1,140 
"6 840 += 660 
7 1,200 1,080 
8 1,050 1,140 
9 700 570 
10 740 620 
= iil 560 1,230 
12 1,520 1,200 
3 1,050 1,160 
14 1,180 1,120 
seallie) 1,020 725 
16 840 900 
be 780 590 
18 720 640 
19 670 790 
20 588 480 
21 430 360 
22 390 390 
23 390 420 
24 1,150 1,080 
25 970 940 
26 630 690 . 
27 1,070 1,000 


Cylinder Tests. 

The predetermined water-cement ratios worked very well in making 
the cylinders. Good water marks appeared on all of the cylinders. Be- 
cause of more tamping, dryer consistencies can be made workable in the 
cylinders than in the tile. Certain water-cement ratios that gave work- 


*Inconsistent—not used in arriving at average results. 
tAllowed to dry 5 days. 
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abilities too dry for getting maximum strength in the tile, gave high 
strengths in cylinders because the concrete could be tamped more vigor- 
ously in making the cylinders than in making the tile. The strength of 
the 5x 8x 12-in. tile averaged 10 per cent less than the strength of the 
2x 4-in. cylinders for the lean mixes and 14 per cent less for the rich mixes. 
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FIG. 7.—EFFECT OF INITIAL CURING AND SUBSEQUENT STORAGE ON 28-DAY 
COMPRESSIVE STRENGTH OF CONCRETE BLOCK. 


—C days at 100° F. moist air, remainder at 70° F. sprinkled first 
f¢ ee Bee ue Chee 1 day at 100° F. moist air, remainder at 70° F. 
sprinkled first 7 days of exposure; B’—Cured 1 day at 70° EF. moist ae 
mainder at 70° F. sprinkled first 7 days of exposure ; C—Cured 1 day at _ 
“moist air, remainder at 70° F. no sprinkling; C’—Cured 1 day at 70° F. Mois 
air, remainder at 70° F. no sprinkling; D—Cured 1 day at 100 F. moist air, 
remainder at 24° F. no sprinkling; D’—Cured 1 day at 70° F. moist air, re- 
mainder at 24° F. no sprinkling. 
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SUMMARY. 


TABULATION OF Rusuuts oF Trsts oF Concrete Bouripine TILE. 


Tile made in plant of Humboldt Gravel & Tile Co., Humboldt, Iowa. 

Ideal roll-over machine, Power tamper, Ideal mixer. : : 

Curing 21 days in steam at 70° F., 7 days in transit at 10° F., 4 days in dry air of Laboratory at 70° F. 
Age of tile at time of test 32 days. 

Aggregate, a combination of 4 sizes, giving fineness modulus of 3.7. 

Strength results in general are average of 5 specimens. 

Absorption results in general are average of 2 specimens. ; ‘ ; 

All tile tests made at Structural Materials Research Laboratory, Lewis Institute, Chicago, 

All cylinder tests made at Buffington, Ind., Laboratory, Universal Portland Cement Co. 


- Time aah Compressive 
eae Elapsed Avese seh? : Strength | Compres- 
Ratio of | minutes Between isa of Tile, sive 
Ref- | Mix by |Volume of Mixing of Absorp- | lb. persq.in. | Strength 
erence || (Dry —|Water'to,|=—- = = _|/‘Concreten| =e EE tion 5) Seen ol Crile 
No. | Weight | Volume of and : per inders, 
Cement Making | Dried | After cent G N. Ib. per 
Dry | Wet | of Tile, | to Con- | Immer- Naas A et sq. in. 
hours stant | sion for ea rea 
Weight |24 Hours 
1 1:5 1.0 3 3 0 16.14 17.18 6.4 | 1,120 | 2,650 2,783 
2 1:5 0.95 3 3 0 16.16 17.34 7.35 | 1,185 | 2,850 3,183 
3 1:5 0.90 3 3 0 15.90 ipa 7.6 | 1,060 | 2,510 3,587 
4 1:5 0.95 3 3 0 15.75 16.92 7.45 885 | 2,035 mate 
5 1:5 0.95 3 3 Yy 15.88 16.88 6.55 | 1,160 | 2,750 
6 1:5 0.95 3 3 % 14.96 16.18 8.15 840 | 1,990 
a 1:5 0.95 3 3 1 16.08 17.20 7.0 | 1,200 | 2,850 
8 1:5 0.95 3 3 2 15.98 17.21 7.7 | 1,050 | 2,490 se ee 
9 1:8 1.45 3 3 0 15.30 16.60 8.5 700 | 1,670 1,325 
10 1:8 1.35 3 3 0 15.36 16.61 8.2 740 | 1,750 1,503 
ll 1:8 1,25 3 3 0 15.99 17.22 Veil 560 | 1,350 1,616 
12 1:4 0.805 3 3 0 16.50 17.48 5.9 | 1,520 | 3,600 4,165 
13 1:5 0.95 3 3 0 15.86 17.02 7.3 | 1,050 | 2,480 3,183 
14 1:5 0.95 3 3 1 16.05 17.20 7.25 | 1,180 | 2,810 es 
15 1:5 0.95 3 3 2 15.23 16.36 7.5 | 1,020 | 2,420 sates 
16 1:6 1:10 3 3 0 15.67 16.96 8.2 840 | 2,010 2,355 
17 Ag 1.24 3 3 0 14.72 16.04 9.0 780 | 1,860 1,939 
18 1:7 1.24 3 3 1 15.16 16.40 8.2 720 | 1,700 ave ai 
19 ies 1.24 3 3 2 15.41 16.50 7.45 670 | 1,680 Bast 
20 1:8 1.39 3 3 0 15.41 16.48 6.9 588 | 1,390 1,620 
21 1:9 1.61 3 3 0 14.79 16.24 Oy: 430 | 1,020 1,098 
22 1:9 1.61 3 3 il 14.66 16.16 10.2 390 960 Wore 
23 1:9 1.61 3 3 1% 14.56 16.00 9.85 390 930 
24 1:4 0.805 0 6 0 16.35 17.60 7.65 | 1,150 | 2,720 
25 1:6 1.10 0 6 0 15.62 16.80 7.55 970 | 2,320 
26 1:8 1.39 0 6 0 15.25 16.55 8.5 630 | 1,500 
27 1.5 0.95 0 6 0 16.05 17.47 8.8 | 1,070 | 2,550 


Conclusions. 


(1) Concrete which gave best workability for tile gave the greatest 
strength. (Fig. 1.) 

(2) With a total of six minutes mixing, there was no advantage or 
disadvantage in mixing the concrete dry for half of this time. (Tig. 2.) 

(3) With accurate control of manufacture and curing, a mix of 1:7 
by dry weight produced 5x 8x 12-in. tile having a strength of more than 
700 lb. per square inch of gross area at 28 days, which is the requirement 
of the standard specifications of the American Concrete Institute for 
medium load bearing tile. This is equivalent to 46 tile per sack of cement. 
(Figs. 3 and 6.) 
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(4) There was no advantage or disadvantage in using concrete when 
a period of time had elapsed after mixing, provided the elapsed time did 
not exceed 2 hours and the concrete was covered with damp burlap to 
prevent evaporation of water from the concrete. (Fig. 4.) 

(5) A straight-line relation was found between mixes and the pro- 
portion of volume of water to volume of cement (water-cement ratio) 
which gave the best workability. (Fig. 5.) 

(6) Strength of 5x8x12-in. tile made in the factory was approxi- 
mately 90 per cent of the strength of 2x 4-in. cylinders made of like con- 
crete in the laboratory. (Fig. 6.) 

(7) The relation between proportion of volume of water to volume of 
cement (water-cement ratio) and strength, developed at the Structural 
Materials Research Laboratory, held true in general for the tile made in 
this test. (Fig. 6.) 

(8) A calculated fineness modulus was easily adhered to by using 
several sizes of aggregate and by weighing the material. (Fig. 7.) 

' (9) There was a direct relation between the strength of tile and ab- 
sorption for the same aggregate. (Tig. 8.) 


INVESTIGATION OF THE EFFECT oF VARIOUS MrtHops oF CURING 
CoNcRETE BUILDING BLock. 


Submitted by Committee P-6. 
Introduction. 


This report covers compression tests on two hundred and ninety-seven 
8x 8 x 16-in. 3-oval-core hollow concrete building block made in a commer- 
cial plant and cured under different conditions. The tests were outlined 
and carried out by the Subcommittee on Curing of Committee P-6 of the 
American Concrete Institute for the purpose of studying the effect of tem- 
perature and moisture on the compressive strength of concrete block at 
ages up to 28 days. The block were manufactured and given their initial 
curing at the plant of Bert Carey and Co., Forest Park, Ill., and were then 
moved to the Structural Materials Research Laboratory, Lewis Institute, 
Chicago, for further curing and for testing. Acknowledgment is made to 
the Bert Carey Co. and to the Structural Materials Research Laboratory 
for the valuable and generous co-operation afforded the subcommittee in 
carrying out these tests. 

This investigation is limited in scope and should be considered as pre- 
liminary to a more comprehensive series of tests on curing which the com- 
mittee plans to carry out as soon as conditions permit. 

The tests were designed to obtain information on the following: 
Group 1: 28-day compressive strength of 1:7 and 1:4 concrete block 

cured 1 to 7 days in moist air at 100 deg. F., remainder in 
(a) air of laboratory, 
(b) air of laboratory sprinkled once daily for 7 days, 
(c) moist room in laboratory, 
(d) air outdoors exposed to weather. 
Group 2: 1- 2- 3- and 7-day compressive strength of 1: 7 and 1: 4 concrete 
block cured in moist air of 100 deg. F. 
Group 3: 28-day compressive strength of 1:7 and 1:4 concrete block 
cured for 2 days in either dry or semi-moist air at 100 deg. 
F., remainder as in Group 1. 
Group 4: 28-day compressive strength of 1:10, 1:7 and 1:4 concrete 
block cured for 2 days in either dry or moist air at 70 deg. 
F., or in moist air at 130 deg. F., remainder as in Group 1. . 
Group 5: 1- 2- 3- 7- and 28-day compressive strength of 1: 7 and 1: 4 con- 
crete block cured in dry air of 70 deg. F. 
In general, three block were made for each condition of test. 


( 498 ) 
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Scope of Tests. 


An outline of the tests covered by this investigation is given in Table 1 
herewith: 


TasLE 1.—OvTLINE or Trusts. 


Compression tests of 8 x 8 x i6-in. 3-core concrete building blocks. 

Mix by volume (based on dry and rodded aggregate). 

Cement: Portland. 

Ageregate (F'. M. 3.70) a mixture of 0 to No. 8 sand, 0 to No. 8 limestone screenings and No. 4 to 3-in. 
crushed limestone. 

Consistency as wet as practicable. 

Machine-mixed concrete. 

Blocks cured as indicated. 

In general, 3 specimens made for each condition from different batches. 

Blocks tested at 28 days were air-dried in Laboratory for 3 days before test. Block tested at less than 
28 days were in condition as taken from storage. 


In Curing Room 
Ref- ; aie Age at| Total 
Group sa iis Tame ee Condition Curae: Curing Treatment ae Spesis 
< Curing ef Airof | Room upon Removal 
Room, Curing Room days . from Curing Room 
deg. F. 
(a) Air of Laboratory.......... 
1 (b) Air of cee ie 
1-16 Med: a 2 once daily for 7 days..... 
1 17-32 1:4 } 100 | Moist... 5 (c) Moist room in Laboratory..| (28 96 
by (d) Air outdoors exposed to ) 
cold weather............ 
1 - 1 
33-36 dee oe 2 2 
2, 37-40 14 \ 100 Moist. ... 3 Tested:at. OnCe...2s00..se0 3 24 
tf ) 7 
(a) Air of Laboratory.......... 
41-44 (b) Air of veneer sprinkled 
49-52 is 7 — Dry ceakee once daily for Viewer 
8 45-48 1:4 Bee Semi-moist. . } a (c) Moist room in Laboratory... 28 48 
53-56 (d) Air outdoors exposed to 
cold weather............ 
11 F 
110-123 1:10 (a) Air of Laboratory.......... 
123-126 (b) Air of Laboratory sprinkled 
57-60 70 Dry.3. Seek a once daily for 7 days..... 28 | 104 
4 73-76 ier 130* | Moist....... (c) Moist room in Laboratory..| { ~ 
97-100 (d) Air outdoors exposed to 
61-64 cold weather............ 
77-80 1:4 
101-104 
" t 
105-108 slave 2 In air of Laboratory......... 3 25 
5 { 110-114 | 1:4 \ 70 Dityietsens na ry 
28 
Dotalleneess asi cr eechere meters ns aa oh aS |S Nec cease ye ma eel (0 et 297 


* Block cured at 130° F. made for moist air curing only. 
+ Block removed from curing room after 1 day. 
All block tested at 28 days were allowed to dry for at least three days 


in the laboratory before testing. 
A total of 297 block were tested. 
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Materials and Methods. 


Aggregates: Three different aggregates were used in making the block 

as follows: 
Sand, 0 to No. 8. 
Limestone screenings, 0 to No. 8. 
Crushed limestone, No. 4 to %. 

The 0 to No. 8 sand and 0 to No. 8 screenings were taken from the 
aggregate bins of the block plant; the No. 4 to 3-in. crushed limestone 
was purchased in the local market for use in the tests in order to secure 
a mixed aggregate graded from 0 to % in. 

The aggregates were combined in such proportions as to give a fineness 
modulus of the mixed aggregate of 3.8. The mixed aggregate used pro- 
duced concrete of entirely satisfactory workability for the type of machine 
employed and the surfaces of the test block were smooth. The average 
sieve analyses and the miscellaneous tests on several samples of each aggre- 
gate, selected during the time the block were being made are given in 
Table 2. 


TABLE 2.—SinvE ANALYSES AND MisceLLANEOUS Trsts of AGGREGATES. 


Torpedo sand and limestone screenings from stock piles at plant of Bert Carey & Co., crushed limestone 
purchased in local market for use in curing tests. 


Steve ANALysis. 
Each sieve analysis is the average of 4 tests made on different days. 


Amount Coarser than Each Sieve, 


Size of per cent by weight 
Number or Size of Sieve hecte§ 2 
ear Limestone Crushed 
BS Sand Screenings | Limestone 
ee re eee ONCE Metre etn rar ee Geico 0.0058 98 87 100 
C | ne PME eee vihan hcat-ria ko gn cine 0.0117 88 79 100 
1: et EERE OP ren rtns be Rane ata ay Gr te 0.0232 55 64 100 
14 ocean asm one | ie a ee aa elon 0.0469 2 44 100 
Bs cidlee'Sare's pea Se ET Oe ee 0.093 12 18 98 
Oc acahatsst ctl cal EOS ee OE eee 0.185 4 5 96 
SE in idee staph tne din ie cai ce MOOREA ere 0.37 0 0 2 
37 ips dus...ssitecokieee ee ae 0.75 * 0 
Fineness) Modulus*2\ce.ces nica toch oe lo eee 2.83 2.97 5.96 


* Sum of the percentages in the sieve analysis, divided by 100. 


MiscuLLaNgous Tusts. 
ee eee eee 
Limestone | Crushed Mixed 


Sand Screenings} Stone | Aggregate 
Unit Weight, lb. per cu. ft., dry and rodded............... 112 103 92 115.5 
Organic Impurities, by colorimetric test................... Ase ae, 


Siltspercenti by weight... cme. sacha ae eee eet 0.3 13.7 


Concrete Propucts PLANT OPERATION. 501 


Cement: Universal portland cement from the supply of the block plant 
was used. 

Mixing Water: The water for mixing the concrete was well water 
from the Forest Park city water supply. 

Concrete: The proportions of cement to mixed aggregate for most of 
the block were 1: 7 and 1: 4 by volume. A few block were made of 1: 10 
mix. The proportions were based on dry and rodded aggregate mixed as 
used, For example, a batch of 1: 4 concrete consisted of 94 lb. of cement 
(1 cu. ft. or one sack) and the equivalent of 4 cu. ft. of dry and rodded 
mixed aggregate. (See Table 3.) The quantities were weighed on a plat- 
form scale. The capacity of the mixer would not permit the use of a one- 
sack batch for the 1:7 and 1:10 mixes and for these mixes half-sack 
batches were used; for the 1: 4 mix one-sack batches were used. 

The mixing water for each batch was also weighed. Moisture deter- 
minations were made on representative samples of the aggregate on each 
day of manufacture of block. The water held by the aggregate was taken 
into consideration in calculating the quantities of aggregate and water for 
a batch. Table 3 gives the quantities of materials, proportion of water 
to volume of cement, and the number of block produced per sack of cement 
for the different mixes. 


TABLE 3.— QUANTITIES OF MATERIALS PER BATCH USED IN MANUFACTURE 
or TEST BLOCKS. 


Water ratios and block made per sack of cement. 


Average Quantities for 


Different Mixes 
Item 
1:10 17, 1:4 
(OGG Toran Manes: See te este 5 Caan Be Caen renin rn E ears teats Ae nr 2 A 94 94 94 
OktouNOsSisand: Ibias eee ee iis aac rem ees te dlayn ors ocernacssetae 454 328 188 
OnboVNOMS sereenings mbit tkmonk cele ties maar ee tct se eameeh arte 446 304 174 
No. 4 to 34-in. crushed stone, lb... . serch ocr Bei eOd, 179 101 
in aggregate, lb........... 35 27 15 
Water 5 added, Ib................- “ere Riek: = 53.0 46.6 33.2 
Lota lowe ois tan cee CIR at saath en merle eatotetiar etait 88.0 73.6 47.4 
Waters ratio merino terns os as Pa oi ERI IOS CORSO EAC 1.40 1.17 0.76 
Blocks mersacksofacement-ee es: ant oe tei eas neiteie versie ae sielnteleieiay- este 94 18 11 


Consistency: The consistency of concrete used was as wet as prac- 
ticable. The characteristic web marks were visible on the surfaces of the 
block upon removal from the machine but no sagging of the block occurred. 

Mixing: The concrete was mixed in a bottom-dump Blystone mixer 
of about 5 cu. ft. capacity. The average time of mixing for each batch 
was 4 minutes; 114 minutes before water was added and 24% minutes after 
water was added. When mixed, the concrete was discharged into a chute 


leading to the block machine. 
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Making of Block: The block were of the 3-core type and were 8x 8x 
16-in. in size. They were made on a Universal automatic power tamping 
machine, run by an experienced operator regularly employed at the plant. 
The usual plant practice was followed. (The cores were stripped hori- 
zontally. ) 

Upon removal from the machine the block were placed on a truck and 
moved to the curing room. 

The schedule of tests was so arranged that block for only one condi- 
tion of curing could be made on a given date. The block were made on 
six different days over the period Dec. 1, 1924, to Jan. 5, 1925. 

In general, 3 block were made for each condition of tests. Enough 
block of each mix were made on each day of manufacture to furnish all 
the specimens required for the different. conditions of test. The 3 block of 
similar mix for a given condition of test were selected at random from the 
day’s run. Low temperatures were encountered during the period of manu- 
facture and curing of the block. The mean daily out-door temperature 
ranged from 44 deg. to— 13 deg. F. 

Curing: The block were given their initial curing in a specially 
equipped curing room at the plant set aside for the tests. ‘This room was 
about 4 ft. wide, 7 ft. high and 30 ft. long and was equipped with a pipe- 
coil radiator attached to one side wall. Steam for furnishing moisture 
was introduced into the curing room through a perforated pipe along the 
side wall. An inside curing room subjected to minimum exposure was 
used for the tests. The curing room was open at one end only. The open- 
ing was directly into the work room of the plant. The opening was pro- 
vided with a heavy canvas curtain. 

Temperatures in the curing room were maintained ag nearly as prac- 
ticable at 70, 100 or 130 deg. F. and the attempt was made to have the 
air of the curing room: 


(1) Saturated with moisture (designated as moist in Tables and 
Diagrams). 

(2) Partially moistened (semi-moist). 

(3) With practically no moisture (dry). 


Moisture regulation was secured by manipulation of a valve on the 
exhaust steam line leading to the perforated pipe in the curing room. Due 
to the small amount of water required to saturate the air in the curing 
room, moisture regulation was not very successful. Enough water to 
saturate the air was evidently evaporated from the block in the room with- 
out affecting the strength of the block. It is calculated that only 1 Ib. of 
water at a temperature of 70 deg. F., 2.4 Ib. at 100 deg. F. and 5.30 lb. at 
130 deg. F. was necessary to saturate the air in the curing room. 

Upon removal from the curing room the block were taken to the lab- 
oratory and either tested the same day they were received or given addi- 
tional curing as follows: 

(a) air of laboratory (mean temperature about 70 deg. F.), 
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FIG. ]..-TEMPERATURE DURING CURING OF CONCRETE BLOCK. 
Outdoor Temperatures are from the Monthly Meterological* Summary for 


the Chicago Station of U. 8S. Weather Bureau. Temperatures of air of Labora- 
tory are from records of Laboratory. 
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(b) air of laboratory sprinkled once daily for 7 days (mean tem- 
perature of 70 deg. F.), 

(c) moist room (mean temperature about 55 deg. F.), 

(d) outdoors exposed to weather (mean temperature about 24 
deg. F.). 


Temperatures are shown in Fig. 1. The moist room temperatures at 
the laboratory averaged about 55 deg. F. 
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FIG. 2.—EFFECT OF CURING AT 100 DEG. F. IN MOIST AIR ON THE 28-DAY 
COMPRESSIVE STRENGTH OF CONCRETE BLOOK. 


Compressive tests of 8x 8x16-in. block. Mix by volume. Block cured in 
room in moist air at 100 deg. F. for 1, 2, 3, and 7 days, remainder as indicated. 
Each value is the average of 3 tests. Data from Table 4, 
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Tests and Methods of Testing. 


Compression tests were made on the block as laid in the wall at ages 
of 1, 2, 3, 7 and 28 days. Block cured in moist room and outdoors and 
tested at 28 days were air-dried in the laboratory for 3 days before testing. 
The loaded surfaces of the block were capped with a thin layer of a mix- 
ture of equal parts of gypsum and portland cement. In testing a spherical 
bearing block was placed on a heavy steel distributing plate on top of 
the specimen in order to insure an even distribution of the load. 
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FIG, 3.—-EFFECT OF AGE ON THE STRENGTH OF CONCRETE BLOCK AS INFLU- 
ENCED BY CURING. 


Compressive tests of 8x 8x16-in. block. Mix by volume. Each value is 
the average of 3 tests. Data from Table 4. 


Several of the block of 1: 4 mix which could not be loaded to failure 
in a 300,000-lb. testing machine were cut in half with a chisel and the 
half block tested. 
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Absorption tests were made on several block in accordance with the 
1924 Tentative Standard Specifications for Concrete Building Block and 
Concrete Building Tile of the American Concrete Institute. Block of 1:7 
mix showed an average absorption of 6.7 per cent and block of 1: 4 mix an 
average absorption of 5.8 per cent. 


Data and Discussion. 


The compressive strengths of the block for the different conditions of 
test are given in Table 4. Both gross-area and minimum-area strengths 
are reported. The principal data are plotted in Fig. 2 and 7. 

Tig. 2 shows the 28-day gross area strengths of 1:4 and 1:7 block 
cured in moist air of 100 deg. I. at the plant for 1 to 7 days followed by 
storage in 


(a) air of laboratory, 

(b) air of laboratory sprinkled once daily for 7 days, 
(c) moist room in laboratory, 

(d) outdoors exposed to cold weather. 

In these tests there was no apparent increase in the 28-day strength 
of 1: 4 block cured 7 days in moist air of 100 deg. F. over that of similar 
block cured only 1 or 2 days in moist air of 100 deg. F. previous to stor- 
age under any of the four conditions. (See Fig. 2.) Taking the 1: 4 and 
1:7 block tests together there appeared to be no advantage at 28 days in 
curing more than one day in moist air at 100 deg. I’. before exposing the 
block to the air of the laboratory or in the moist room or out of doors in 
cold weather. 

For both the 1:4 and 1:7 block the highest strengths were secured 
from the block which were sprinkled .for 7 days after removal from the 
curing room. The block cured outdoors (mean daily temperature 27 deg. 
F.) gave about 20 per cent the lower strength. 

The relative strengths of block cured in moist air at 100 deg. F. until 
tested at 1, 2, 3 or 7 days as compared to block tested at 28 days were: 


Percentage of 28-Day Strength, 


Mix 1 Day 2 Days 3 Days 7 Days 28 Days 
Aer yh 28 48 56 69 100 
1:4 34 54 56 70 100 
Average .. 31 51 56 70 100 


The curves in Fig. 3 show the effect on the compressive strength of 
1:4 and 1:7 block at ages of 1 to 28 days, of curing in dry air at 
70 deg. F. as compared with curing in moist air at 100 deg. F, As no 
tests were made on block cured for 28 days in moist air at 100 deg. F. the 


ConcrRETE Propucts PLANT OPERATION. 507 


average values shown in Fig. 2 for the 28-day compressive strengths of 
block kept at 70 deg. F. and sprinkled once daily for 7 days after moist 
air curing at 100 deg. F., were used. Results of other tests studied by the 
committee indicate that the values used represent closely the strengths to 
be expected from block cured for 28 days in moist air at 100 deg. F. 

For each mix and condition of curing the strength increased with 
age. The block cured in moist air at 100 deg. F. showed higher strengths 
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rig. 4.—EFFECT OF QUANTITY OF CEMENT ON THE STRENGTH OF CONCRETE 
BLOCK AS INFLUENCED BY CURING CONDITION. 


Compressive tests of 8x8x16-in. block. Age at test—28 days. .Mix by 
volume. Data from Table 4. 
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at all ages. The difference in strength between the two curing conditions 
was greater for the 1: 7 than for the 1: 4 mix. The 1:7 block cured in 
dry air at 70 deg. F. showed little gain in strength after 7 days. 

Fig. 4 shows the relation between the percentage of cement per unit 
of volume of concrete and the 28-day strength of block cured in the curing 
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FIG. 6.—RELATIVE COMPRESSIVE STRENGTHS OF CONCRETE BLOCK CURED AT 
DIFFERENT TEMPERATURES. 


Compressive tests of 8x 8x 16-in. block. Mix by volume. Data from Table 4. 


room at the plant for 2 days under different moisture and air conditions 
and the remainder of the curing period in 


(a) air of laboratory, 

(b) air of laboratory sprinkled once daily for 7 days, 
(c) moist room in laboratory, 

(d) outdoors exposed to cold weather. 


The diagrams show that in each case the strength increased with in- 
crease in amount of cement. The average increase in strength was about 
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1 per cent for each 1 per cent increase in cement. Sprinkling once daily 
for 7 days after removal from curing room generally gave somewhat higher 
strengths than curing in moist room at 55 deg. F. or in laboratory. It is 
probable that the block cured in the moist room were not completely dry 
when tested. Furthermore, the temperature of the moist room was gen- 
erally lower than 70 deg. F. which was the temperature of the air of the 
laboratory. These conditions probably account for the lower strengths as 
compared with the block which were sprinkled. The block cured outdoors 
exposed to winter weather gave the lowest strengths. 

Comparing the charts showing block cured in moist air at 70 deg., 
100 deg. and 130 deg. F., it is apparent that the temperature at which the 
block are cured during the first seven days has no effect on the 28-day 
strengths provided that the curing temperature during the entire 28 days 
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FIG. 6.—RELATIVE COMPRESSIVE STRENGTHS OF BLOCK CURED AT DIFFERENT 
TEMPERATURES. 


Data from Table 4 these tests and Table 3 of 1924 report of the Committee. 
See 1924 Proceedings, p. 639. 


is 70 deg. F. or higher (see Fig. 4). For a given temperature in the cur- 
ing room, the 28-day strengths were not affected by the moisture condition. 

The average 28-day strength of the 1: 10, 1:7 and 1: 4 block for the 
different moisture and temperature conditions in Fig. 4 are plotted in 
Fig. 5. The average curves for the four curing conditions show that com- 
pressive strength decreases as proportion of the volume of mixing water to 
the volume of the cement increases. 

The average relative values of the various curing conditions are shown 
in Table 5. The method of grouping in this table minimizes the variable 
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Taste 4.—Tusts or Concrete Burtpine Buock. 


Compression tests of 8 x 8 x 16-in., 3-oval-core hollow concrete building block. 
Gross area of block, 127.5 sq. in.; minimum area, 82.7 sq. in. 

Mix by volume (based on dry and rodded aggregate). 

Cement: Portland. 


Aggregate (F. M. 3.80) a mixture of 0 to No. 8 sand, 0 to No. 8 limestone screenings and No. 4 to 3 in. 


crushed limestone. ; 
Consistency, as wet as practicable. 


Block made on Universal Automatic block machine at Bert Carey & Co. plant, Forest Park, Ill. 
Block cured in curing room at plant for different periods thereafter under various conditions at laboratory 


as indicated, ee 
Block tested at 28 days were air-dried in laboratory 3 days before test. 


Loaded surfaces of block were capped with a mixture of equal parts of neat cement and gypsum. 
Load was applied through a spherical bearing block placed on heavy steel distributing plate on top of 


specimen in order to insure an even distribution of the load. : 
Tn general, each value for strength is the average of three specimens. 


Curing Room Compressive Strength, Ib. per sq. in. 
Ref- Age Days Gross Area Minimum Area 
erence | Date | at Mi m 
No Made Sa ix Pre Air Conne 7 =o + | Sprin 
ays erature, oa oom | Aj Sprin- 4 - : 
: deg. F.'| Condition Tape leted, ("Out= | rey [tk | deter. Ones Mole 
ratory| for 7 | doors | Room ratory| for 7 | doors | Room 
Days Days 
1-4 | 12-1-24] 28 | 1:7 100 Moist 1 | 1,410 | 1,520 | 1,230 | 1,420 | 2,170 2,350 | 1,900 | 2,180 
5-8 a “~ . i 2 | 1,510 | 1,460 | 1,310 | 1,270 | 2,320 2,250 | 2,010 | 1,960 
9-12 : 3 ‘ + 3 |1,370 | 1,460 | 1,150 | 1,230 | 2,120 2,250 | 1,790 | 1,890 
13-16 : ; ps 5 : 7 {1,310 | 1,690 | 1,120 | 1,140 | 2,010 | 2,610 | 1,720 | 1,750 
17-20 ‘ 7 1:4 < X 1 | 1,680 | 2,100 | 1,580 | 1,650 | 2,580 3,270 | 2,480 | 2,580 
21-24 3% 4 S . zi 2 | 1,870 | 2,300 | 1,740 | 1,820 | 2,890 | 3,550 2,680 | 2,790 
25-28 ; ‘ 4 3 a 3 | 2,100 | 2,010 | 1,570 | 1,560 3,230 | 3,150 | 2,460 | 2,400 
29-32 + + S is a 7 | 1,980 | 2,090 | 1,730 | 1,800 | 3,050 3,220 | 2,670 | 2,700 
33 E 1 17 Ls by 1 430 CSTE aes All Berea ce 
34 ¥ 2 ¥ bd 2 730 1,120 See 
35 : 3 a aq 3 850 Block tested 1,300 ee 
36 ad a he ie fe 7 | 1,060 same day 1,630 Bic 
37 ; 1 1:4 + gs 1 720 received. 1,100 arts 
38 re 2 ‘ ss Sy 2 15150 1,780 minke 
39 ny 3 4 ie 3 | 1,180 1,820 mite 
40 = a = wo i a 7 | 1,480 25280) il or ee bose camel on tees 
49-52 |12-17-24| 28 | 1:7 Hy Semi-moist 2 790 | 1,020 790 900 | 1,230 | 1,570 | 1,220 | 1,390 
53-56 BY + 1:4 : i 2- | 2,230 | 2,790*| 1,290 | 1,920 3,430 | 4,290 | 1,990 | 2,960 
41-44 | 12-8-24| ‘“ by _ Dry 2 | 1,300 | 1,480 850 | 1,190 | 2,000 | 2,280 | 1,310 | 1,840 
45-48 os a 1:4 * ss 2 | 2,470*} 2,950*| 1,570 | 2,510* 3,810 | 4,540 | 2,420 | 3,870 
119-122} 1-2-25 ie 1:10} 70 Moist 2 910 | 1,180 770 840 | 1,400 | 1,820 | 1,190 1,300 
73-76 me £27 cae i 2 | 1,140 | 1,260 950 | 1,110 | 1,760 | 1,940 | 1,470 1,710 
77-80 iH Be 1:4 ; ve 2 | 1,940 | 1,930 | 1,550 | 1,650 | 2,600 2,990 | 2,390 | 2,540 
115-118]12-19-24| “ 1:10 sy Dry 2 870 950 580 820 | 1,350 | 1,480 890 | 1,260 
57-60 S % Lsf ‘ % 2 | 1,200 | 1,370 790 | 1,190 | 1,860 | 2,110 1,220 | 1,840 
61-64 sf io 1:4 ‘ res 2 | 2,060 | 2,370 | 1,550 | 2,200 3,180 | 3,650 | 2,380 | 3,390 
105 | 12-8-24] 1 137 = . 1 i ie AH A ali oe SLO [ere a ince eee | eee 
106 s 2 mf hi oe 2 460 720 
107 : 3 * * 2 660 1,020 
108 ae 7 ss \ a 2 960 1,470 
109 * 28 2 : , 2 {1,100 1,700 
110 ‘s Dy | eekst4: Ee a 1 C207 i ome Aieee AE ae 960t 
111 + 2 if ie i“ 2 DOO |: Peet ieee eee ete 1,530¢ 
112 1h sane hs ee i (No 3 day tests; plant broke down) 
113 es 7 rt me i 2 LS10T acy. tl yeaa 2,780] . 
114 p 28 = t sa 7 Hel CDE HE Jeeta oe alle ea S,0400 | rar ecen lie sen | eee 
123-126] 1-5-25 4 1:10} 130 Moist 2 660 930 610 850 | 1,020 | 1,430 950 | 1,230 
97-100 a se 1 Y 4 2 840 | 1,050 900 | 1,070 | 1,290 | 1,620 | 1,380 1,640 
101-104 4 ‘ 1:4 4 3 2 | 1,530 | 1,830 | 1,610 | 1,770 2,350 | 2,830 | 2,480 | 2,730 


* Block loaded to capacity of 300,000-lb. machine, then broken in half and the half block tested. Values 


are average of the half blocks. 
t Average of two specimens. 
t One specimen only. 
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due to the making of block on different days. It will be noted that the 
relative values for “moist room” and “indvors at 70 deg. F. room humidity” 
are quite uniform. Strengths for outdoor curing are less uniform because 
of the wide variation in outdoor temperatures. 

The relative strengths at various ages compared to the 28-day strength 
of block cured in moist air at 100 deg. F. and afterwards stored at 70 
deg. F. and sprinkled for 7 days, is shown in Fig. 6. The curves are based 


TABLE 5.—SUMMARY OF CURING TESTS. 


Compressive tests of 8 x 8 x 16-in. concrete building block. 

Age at test, 28 days. 

Date from Table 4. 

All blocks were dried at room temperature three days before testing at 28 days. 

Strength ratios are the average ratios of the 28-day strengths of blocks stored under a given condition 
to the strength of similar blocks stored to 70° F. and sprinkled the first 7 days after initial curing. 


Average Strength Ratios, per cent 
; Number 
Initial Curing Conditions In Lab- | Moist Room] In Lab- Outdoors | of Blocks 
oratory at Lab- oratory at about Tested 
at 70° F., oratory at 70° F.,; ac H- 
= sprinkled | until 3 days not inside 3 days 
7 days before test sprinkled before test 

Moist Air; all temperatures and 

BTW KOS Se eee ey acre Gite a 100 85 91 78 144 
Medium Moist Air; all tempera- \ 

tures;and Mixes* s.. nas acc 100 78 97 62 24 
Dry Air; all temperatures and mixes. 100 86 87 58 48 
70° F.; all moisture conditions and 

ANIXOS 1 A se Se See ae 100 85 88 69 60 
100° F.; all moisture conditions and 

TNIZES saat atc oe ee sea: 100 82 88 72 115 
130° F.; moist air and all mixes... . 100 97 78 98 36 
1:10 mix; all moisture and temper- 

ature conditions: ........0.2---- 100 80 76 66 36 
1:7 mix; all moisture and tempera- ; 

dune COMMONS «<= -- cee se - 100 86 88 74 111 
1:4 mix; all moisture and tempera- : 

Hure CONGILIONS....... \520 eee ene 100 84 88 72 109 
All conditions of moisture and tem- 

perature for all mixes............ 100 82 88 72 232 


on these tests supplemented by all of the data in Table 3, of the 1924 re- 
port of the committee. 

These curves in Fig. 6 show the effect of the temperature at which 
block are cured on the rate of gain in strength. Although early strengths 
are increased by temperatures above 70: deg. F. there was no increase at 
28 days. Reduction in strength due to curing at temperatures below 70 
deg. F. can be overcome by storing more than 28 days. 

The relative strengths of block cured in moist air up to 28 days at 
70 deg. and 100 deg. F. and for the various conditions of subsequent stor- 
age except “in moist air,” are shown in Fig. 7. Curing at temperatures 
above 70 deg. F. for several days as compared to one day produces a maxi- 
mum difference in strength of approximately 15 per cent, which occurs 
about the fifth day. This is shown by Curves A and B, Fig. 7. 
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Block not sprinkled gained higher strengths than block sprinkled dur- 
ing the first week. This is due to the fact that concrete is stronger in a 
dry condition than in a wet condition. This is shown by Curves B and C 
and B’ and C’, Fig. 7. 

It is evident. from these curves that the 28-day strength depends on 
the condition of subsequent storage and not the condition of the initial 
curing. 

Conclusions. 


1, For all conditions of moisture and temperature during the initial 
curing period, the relative compressive strengths at 28 days for the various 
subsequent storage conditions are as follows: 


Per Cent 
(1) Air of laboratory sprinkled once daily for 7 days.. 100 
(2) Air oflaboratoryasacesce ieee aan eat nee 88 
(3) Moist room at laboratoryas-Bee in sien deere eee 82 
(4) Outdoors exposed to cold weather ................ 72 


2, For block cured in moist air at 100 deg. F. for periods of 1 to 7 
days and thereafter as in 1. 

The 28-day strength was in general not increased when the initial cur- 
ing period was extended to 7 days. 


3. For block cured in an inclosed curing room at plant for 2 days in 
moist, semi-moist, or dry air at temperatures of 70 deg. to 130 deg. F. and 
the remainder of the curing period as in 1. 

(a) The 28-day strength increased with increase in amount of cement 
for all conditions of test. The increase in strength averaged about 1 per 
cent for each 1 per cent increase in cement. 

(b) Tempeyatures from 70 to 130 deg. F. during the 2-day initial cur- 
ing period did not affect the 28-day strengths. 

(c) The amount of moisture supplied to the curing room during the 
2-day initial curing period did not affect the 28-day strength. 

4. For all conditions of moisture and temperature during initial cur- 
ing and subsequent storage it is evident that the 28-day strength of con- 
crete block depends on the condition of subsequent storage and not on the 
condition of initial curing. 

5. There was a well-defined relation between 28-day strength and the 


water-cement ratio. The strength decreased with increase in water-cement 
ratio. 


DISCUSSION. 


Epwarp Goprrey (by letter).—There are two features of this report Mr. Godfrey. 
that need more definite recommendations. One of these concerns heat- 
ing of materials. Many cases have been reported where the heating 
of materials was detrimental, and yet little attention is given to these 
cases. Indiscriminate heating and drying of the aggregates is recom- 
mended in this report, not only with live steam but also with fires. Of 
course aggregates must be free from frost or ice, but the use of hot or dry 
materials is not proper. Such materials absorb the water that is neces- 
sary for the hardening of the cement, and they cause excessive shrinkage 
of the product as well as weak concrete. These facts are practically totally 
ignored by writers of standard literature and reports. 

The other feature of the report to which I wish to call attention con- 
cerns the consistency of concrete. The requirement that blocks made in 
a tamp or pressure machine be made as wet as practicable is good, but 
the one which calls for a concrete as dry as practicable to fill the molds 
completely and produce acceptable surfaces, in the cast process, is the one 
to which exception is taken. This is on a par with the common require- 
ment for concrete as stiff as can be handled for any and all purposes, with 
the sole aim of obtaining the absolute maximum of compressive strength. 
Advocates of this have but one argument, and they give attention to no 
argument which concerns other and, in fact, more important properties 
of concrete. Tests are made by the tens of thousands for the sole purpose 
of discovering the condition that will give the greatest strength of concrete, 
but practically no tests are made to discover the consistency and mix 
that will give the maximum density and resistance to the entrance of 
water. These properties are more important than high compressive 
strength, for the concrete that is not dense will not grip and protect steel. 
In blocks the concrete may be of maximum strength, and yet it may be so 
porous that water will enter and cause an unsightly appearance in the wall. 
Also freezing of this water in the pores of the concrete may break it up. 

Some of the best cast concrete work has been made with freely flowing 
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STANTON WALKER.—Mr. Wilk has brought out clearly the relation be- 
tween the water-cement ratio and the compressive strength of concrete 
building units. It should be pointed out, however, that these different 
water-ratios merely reflect different quantities of cement, as the consistency 
of the-concrete and grading of the aggregate were approximately the same 
in each case. The water-ratio alone probably cannot be used as a basis 
for the design of the semi-dry mixtures used in machine-made concrete 
products in the way it is used for plastic mixtures. In the case of the 
semi-dry mixtures, it is necessary to take into account the grading of the 
aggregate and consistency of the concrete as, even for the same water-ratio, 
certain aggregate and cement combinations may give higher strengths than 
others. 

Tests carried out in concrete products plants by the Structural Mate- 
rials Research Laboratory and the Portland Cement Association on con- 
crete building units, using a wide range in type and grading of aggregate, 
showed slightly different water-ratio-strength relations for the different 
gradings. This was undoubtedly due to the difference in the effectiveness 
with which the machine handled the different mixtures. 


F, J. Srraus.—The comparison between the machine-made and the 
laboratory-made cylinders is misleading. The laboratory-made cylinders 
are allowed to stand one day and are then put in the water, and the re- 
port says the drier the mix was, the stronger it was. That is the reason, 
because you submerged it in water. I think the time in the machine as 
well as the time in the laboratory and in the water increases the strength, 
so it looks to be misleading. 

I believe that the more cement there was in the mix the more it in- 
creased its strength where it was drier, because there was more cement for 
the water to work on; where it was most workable it made the best job. 


Mr. Lowetr.—You contend that in lean mixes there was a smaller 
percentage of difference than in the rich mixes? 


Mr. StrAuB.—Yes, because there was more dry cement in rich mix for 
the water to work on. It is not a fair thing at all. If I were going to 
make a test on two blocks and going to let the laboratory cure one of 
them and I the other, I would put enough water in the one to be cured in 
moist air so it would work the easiest, but in the other, the one that the 
laboratory was going to stick in the water, I would not put much water 
at all. 


Mr. Wi1Lk.—That is true; we showed that in the thick, bulky figure, in 
the 1:5 mix, the water-cement ratios used were 1.95 and 1.09. One was 
therefore 10 per cent more water than the other. The less water we used 
in making the cylinders, the higher was the strength. 
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Mr. StrAvus.—That was because it was cured in a different way. I be- 
lieve that if you had laid it down in water like you did the block, it 
would have been much stronger. 


Mr. LoweLi.—The blocks were cured very much in the same way; 
they were put in a moist room. 


Mr. Srraus.—tThere is a big difference. I am just bringing this up 
here because this is the place to talk about it, not afterwards, and I be- 
lieve I am right. I believe still that I am right, just as in the first place, 
I believe it as firmly now as when I got up. I believe the difference is 
due to the different methods in curing those two blocks, and that is why 
you made a better job. In the cylinder, I believe the machine made a 
better job than hand made. 


Mr. Bourne.—In our Recommended Practice we recommend that not 
more than 10 per cent of this very fine material as determined by volume 
by the decantation method, pass through the 100 mesh sieve. In making 
the decantation test, simply shake up a sample of sand in water for a 
minute and allow the very fine material to settle on top. That does not 
mean that there is only 10 per cent in the total mixture, because, after 
shaking, a certain amount is contained in the water which is in the mate- 
rial, and a certain amount is still in the material, and if you clean the 
sediment off of the top and shake the sample over again, you will find 
there will probably be nearly a third as much deposited as the first time. 
If you repeat again, you will probably find that when all the fine material 
is washed out you really have got pretty close to fifteen per cent. Along 
that general line I might state that I conducted a series of concrete block 
tests in co-operation with Mr. Walker and some others of our staff down 
in Pittsburgh recently, and some of the aggregates contained rather large 
amounts of material less than 100 mesh. We found that this fine material 
did not seem to decrease the strength very much, because it seemed to 
add workability. The series was too short to make any general statement, 
but I think with that data and with the other data we have had available, 
the committee was very well justified in increasing the previous limit of 
seven per cent to ten per cent by the method prescribed. There is one 
other consideration, when you think of the decantation method of testing. 
It is entirely a volume method and the settling of the material on top 
is rather loose. A ten per cent amount of sediment on top really amounts 
to only about five per cent by weight, and so while there may be 15 per 
cent by volume of fine material, it is really measured in a rather loose 
state and only represents probably six or seven per cent by weight. 


M. C. Topsras.—tI believe that in the report of Committee P-6 for 
either 1923 or 1924, there is a table showing the comparison of strength 
between the block cured for 28 days in a saturated atmosphere of from 
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65 to 212 deg., which shows that the difference in strength at the end of 
28 days, regardless of the temperature at which the block was cured, only 
varies in the neighborhood of 10 per cent, showing that it makes very 
little difference at what temperature you cure it, even for the whole 28 
days. | 


Mr. BouRNE.—Unfortunately I have not the test data here, but in a 
recent series of tests at Pittsburgh, I got one rather interesting result in 
some curing experiments. It was intended to show the difference between 
one and two days steam curing and just air curing. The blocks that were 
to be air cured were put out in the yard and rather unfortunately for the 
comparison, it rained the next day after they were stored there and rained 
for three days, so you really had a comparison between good curing con- 
ditions outside and in the curing room. The average temperature of the 
curing room was about 90 deg. The average temperature outside was 65 
deg. There was only a difference of 25 deg. between the two conditions. 
In the one-day test and in the two-day test, there was perhaps an increase 
of about 20 per cent to 25 per cent in steam curing over the outside curing. 
In the seven-day test, the gap had practically disappeared. Now the only 
story that this brief series of tests tells to me is that where there is not 
a greater difference than that 25 deg. between steam curing and sprinkling, 
it may not be economical to use artificial heat and the coal that is neces- 
sary to finish it; that and benefit from steam curing, during the summer 
period at least, is only gained when you maintain higher temperatures 
than those noted in your curing room compared to the outside tempera- 
tures. Of course, steam curing is absolutely necessary in the winter time, 
but it does raise a question as to the advisability of steam curing in the 
summer time where the outside temperature and the temperature of your 
curing room do not have a substantial difference. 


Mr. SPECKELMIER.—You brought up the point of eliminating steam 
curing in the summer time and what the results would be. What do you 
think the result would be if, in the summer time, in the manufacture of 
concrete blocks, they were sprinkled and left under cover for approxi- 
mately twenty-four hours and then taken out, outside, re-sprinkled very 
thoroughly and covered? Would not that have almost the same result as 
steam curing, and bring up the strength more rapidly? 


Mr. Bourne.—I think I might answer that by stating that the hard- 
ening of concrete stops immediately when it is dried out and that tem- 
perature has the effect of speeding up the hardening. Now you might 
consider those two features independently rather than as a combination. 
The advantage of your heat is that it speeds up the early hardening period, 
and if you get a substantial difference between the outside conditions and 
your curing room, you will probably get a substantial increase in the early 
hardening period; if the difference in the temperature is not very great. 
I do not think you will get a very great increase in early strength by 
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using steam. In other words, you have stated one particular condition, at 
65 deg., under your method. If, at 65 deg. your blocks are kept moist 
for a week, you would probably get practically the same result as if they 
were kept moist by any other method at that temperature for a week. 


Mr. SPRECKELMIER.—If they were kept moist for seven days in the 
summer time and did not have any steam curing whatever how would that 
product compare at the end of 28 days with the product of steam curing 
at 100 deg. for twenty-four hours at the same period of the year, the 
summer time? 


Mr. LoweLL.—It would be just the same. 


Mr. Bourne.—It would not be very far different, it would be pretty 
close, provided you keep it wet for a period as long as you say. That 
brings out another phase of curing, along the same lines that you have 
spoken of. Any method that will keep the product wet for a longer period 
of time than you have been accustomed to doing it, is undoubtedly going 
to help the product. There is no question about that. 


O. H. Gosswrin.—I notice on those curves that the blocks that was 
sprinkled for seven days in the laboratory showed the highest strength; 
is that right? 


Mr. LOwELL.—Yes sir. 


Mr. GosswreIn.—Nothing has been said as to whether or not those 
blocks were sprinkled as they would be in commercial practice; for in- 
stance, in Spickelmier’s plant, he would turn the hose on his block and 
the top row would get considerably more water than the lower row. I 
did not want the block men to get the impression that they would get the 
same results from sprinkling in a commercial way that you get in the 
laboratory, as a fog spray would be necessary to get the same results that 
you would get in the laboratory. 


Joun M. Stmpson.—Not being able to put in steam on account of the 
possibility of having to move my whole plant before I would get any, I 
have been using calcium chloride, two pints to a gallon of water, to a bag 
of cement, and I find that I can handle the blocks and deliver them safely, 


by which I mean that there will be no come-back on my blocks. In the . 


past I have refused to deliver a block under three weeks old to anybody. 
I think the expense of curing the blocks with calcium chloride is less 
than it would be to operate a steam curing plant and I wondered if the 
ultimate result was going to be fully as strong as steam curing. I did 
not know that what someone else might have had experience with it to a 
greater extent or for a longer period than I have had. At the present 
time I sprinkle these blocks and wet them down thoroughly twice a day 
and I get a compression of 2,830 lb. gross or 1,840 Ib. net. I have not had 
a sand bank offered me but what I have lost the address without looking 
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at it where I might use a bank run. J have an aggregate that I think 
is the best adapted for getting maximum results at a price just as cheap as 
screening. The aggregate I use will all pass through a 14-in. screen, and 
the sand from the same pit, being washed at the same time with an 8-in. 
head of water usually has a number of particles of sand clinging to the 
gravel,-so that the gravel or coarser aggregate has part of the sand with 
it, so that in using two feet of gravel to a foot and a half of sand I get 
approximately about half and half. I use 1: 7 mix. 


Mr. GONNERMAN.—Our laboratory has not made tests of concrete prod- 
ucts containing calcium chloride but we have considerable data showing its 
effect on the compressive strength of 6 by 12-in. concrete cylinders. We 
found that at 2 days the strength of 1:5 concrete or richer, mixed to a 
relatively dry consistency was from 40 to 50 per cent greater than that 
of similar concrete without calcium chloride. At 28 days the strength 
of concrete containing 2 per cent calcium chloride was about 15 per cent 
stronger than concrete without admixture. The maximum increase in 
strength was obtained with from 2 to 4 per cent of calcium chloride by 
weight of cement. For a 1:7 mix, the increase in strength due to the 
addition of calcium chloride was practically negligible. 


Mr. Srmpson.—lI never use over 2 per cent. Have you any record 
what the strength will be in a year or six year? 


Mr. GONNERMAN.—We have made tests at ages of from 2 days to 3 
years and with 2 per cent calcium chloride admixture the strength at 3 
years was about 10 per cent higher than concrete without it. When more 
than about 6 per cent calcium chloride was used the strength was reduced 
at all ages. These results apply to mixes of 1:5 or richer; for a 1:7 
mix all percentages of calcium chloride gave strengths lower than. plain 
concrete after 7 days. At 3 years 1:7 concrete with 2 per cent calcium 
chloride was about 10 per cent lower in strength than concrete without it. 


Mr. Tosras.—-In view of some of the facts brought out by this 1925 
report on Committeee P-6 on Steam Curing, I have made a few figures and 
written a few notes here which take into consideration the computations 
made in the same report of the committeee for 1922 relative to the design 
of curing room equipment for a temperature of 125 deg. F. It is interest- 
ing to note what the requirements for a curing room equipment would be 
if the curing temperature is reduced to 70 deg. F. I have not gone into 
detail here in giving the heat values, but I have taken as nearly as possi- 
ble the same coefficient of thermal conductivity through the walls and roof, 
floors and end walls as those used in the 1922 report. The total heat 
losses through walls, roof and floors of the five curing rooms described 
in the 1922 report and the heat required to keep the products in them at 
70 deg. F. is 65,400 b.t.u. per hour. Assuming a boiler efficiency of 75 
per cent and a heating value of anthracite coal of 13,000 b.t.u. per 
pound, the coal consumption per hour is 7 Jb. 
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Using the same coefficient of thermal conductivity as used in the 1922 
report for walls, roof and floor, assuming a radiator temperature of 212 
deg. F. and a heat transfer of 250 b.t.u.’s per square foot or radiation 
surface per hour, the radiation surface required on the outside walls is 31 
sq. ft. or 94 lin. ft. of 11%4-in. pipe and the radiation surface required on 
the inside wall is 27 sq ft. or 82 lin. ft. of 114-in. pipe. Adding the re- 
quired square feet of radiation on inside and outside walls and dividing 
the cubic volume of the curing room by this sum gives one square foot of 
. radiation surface per 49 cu. ft. of curing room. 

Heating boilers are not usually rated on a horse power basis but with 
reference to the amount of radiation surface they will handle. For gen- 
eral consideration the following data may be of value in deciding on the 
size of boiler necessary. One pound of good anthracite coal will transmit 
about 10,000 B. t.u.’s to the boiler, will supply 40 sq ft. of radiation sur- 
face and will require 5 sq ft. of boiler heating surface. One square foot 
of boiler heating surface will supply 8 sq. ft. of radiation surface. 

In selecting a boiler it is advisable that it should be of somewhat 
larger capacity than the calculations indicate is necessary. An oversize 
boiler will keep the curing rooms at higher temperature when fires are 
banked at night and will cut down firing during the day. Since a short 
lead from the boiler to the curing room is economical it is advisable to 
locate the boiler as near the rooms as practicable. 

The system using radiation to heat the curing rooms although higher 
in first cost is more economical to operate and more satisfactory than the 
system whereby wet steam blown into the curing rooms is depended upon 
to furnish both heat and moisture. 

The reason is that in blowing wet steam into the curing room about 
1,200 B. t. u.’s of heat in each pound of steam blown in is lost, and another 
pound of water at about 35 or 40 degrees must be put into the boiler to 
replace the steam which if radiation was used to furnish heat would be 
returned to the boiler at a temperature of around 212 degrees. In other 
words, about 180 heat units in each pound of steam blown into the curing 


room are wasted. 


Mr. Himxer.—What would be the effect if you ran that live steam into 
a well or trough and let it vaporate the water? 


Mr. Torpras.—The same result would be obtained but at greater ex- 
pense. The term “live steam” used in connection with exhaust low pres- 
sure steam from a heating boiler is misleading. Such steam has very little 
so-called life in it. It is also sufficiently moist to be called wet steam. Air 
at 125 deg. F. or at 75 deg. F. will carry only a given amount of moisture. 
Tf enough moisture is given to the air to saturate it, there is no use put- 
ting in any more. Additional moisture put in will only condense and run 
down the walls of the curing room. 


Mr. Hilker. 


Mr. Tobias. 


i 
! 


Mr. Hilker. 


Mr. Tobias. 


Mr. Hilker. 


Mr. Tobias. 


520 Discussion ON PropuctTs PLANT. 


Mr. Hitker.—The condition you mention first occurred in a plant 
close to where you are located and they used a good, rich mix. They sent 
out the block in twenty-eight days and they put the building on it and the 
block crushed down. They sent an S O S to the association and they sent 
a man down there, and when he took his first batch of block out that morn- 
ing, they. were like chalk; that was from the superheated condition where 
he had his radiation too close to the ceiling and was blowing live steam 
into the room. 


Mr. Tosras.—That would depend also on the pressure you were carry- 
ing in your boiler. 

Mr. Hitxer.—As far as steam curing is concerned, another installa- 
tion would depend entirely on where that is located and how much it cost 
to install and maintain. Unfortunately, in my case I have to buy coal. 
We screen our coal and get half inch screenings that we don’t know what 
to do with and we haul it to the boiler plant and run our steam line on 
that, and while we charge up the same price for the operation of that thing, 
the same as the coal cost us, yet if we did not use it in the block plant, 
it would be a dead loss to us. 


Mr. Topras.—Anthracite coal is used in my calculations because cast 
iron sectional heating boilers are rated on the basis of anthracite coal. If 
Illinois Mine run coal or possibly slack is used it will be necessary to burn 
more coal to get the same amount of steam out of the boiler. 

The radiation for curing rooms is composed of banks of pipe hung on 
the side walls with a return to the boiler thereby feeding the condensed 
steam back into the boiler instead of constantly feeding cold water in the 
boiler to replace that blown into the curing room as in the latter case. In 
the first system, one or two small pipes with perforations or nozzles are 
run the length of the curing room to furnish sufficient moisture for curing 
purposes. Both wet steam pipes and radiators for each curing room should 
have separate shut-offs located at the entrance to the room. This makes 
it possible to shut off the wet steam at night and to bank the fires without 
wasting water out of the boiler during the night, which is important, espe- 
cially in small plants where no night man is on duty. In the ordinary 
wet steam installation, it is probably necessary to inject water in the 
boiler once an hour or oftener, depending upon its size. 

Radiators are preferably located on side walls as near the floor as 
possible and still allow sufficient fall for the return to the boiler. Wet 
steam pipes should be located at the junction of the side walls and floor 
and perforations or nozzles so located as to cause the steam to percolate 
up through the block and to assist in air circulation. 

In order to prevent moisture from curing rooms entering the working 
room and condensing on machinery and other equipment besides resulting 
in unpleasant working conditions, it is advisable to leave a ventilated 
passage-way between the entrance of the curing rooms and the entrance 
of the working room. 
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Some other suggestions have come to mind since preparing this dis- 
cussion. One is the size of the steam main from the boiler to the indi- 
vidual radiators in the curing room; I think the committee in 1922 report 
gave it as four inches. It is not always possible to use a four-inch main, 
and in such a case use as large a main as the connections on the boiler 
will allow. One of the main things in a steam heating plant, so design 
that loss in head at the various radiators is as nearly equal as possible, 
to prevent steam flowing against condensation and causing water hammer 
in pipes. 


J. P. Witson.—I think one advantage in using a return system for 
radiation is that your return water does not scale up your boilers. Those 
cast-iron boilers are hard to clean if they become dirty, and by returning 
your water the boiler will remain clean and therefore more efficient than 
if you are using fresh water all the time. 


HowarD Ruope.—It might be of interest to relate a little experience 
I had in the matter of economy, where a man started in the block business 
and could not afford to put in steam curing chambers. His product was 
not up to standard and he could not meet the building inspector’s require- 
ments. He sprinkled his blocks out in the yard in open storage with very 
little success. On an adjacent property was an ice manufacturing plant, 
and I arranged to run the condenser water—I do not know the temperature, 
I took no record of the thing and do not know how correct it would be in 
practice—from. this overflow and sprayed these blocks continuously with 
this hot water. It raised his compressive strength about 45 per cent and 
put him in the running, and the man has been operating for about a year 
under that process, and now proposes to put in regular chambers. It was 
a matter of economical arrangement that tided him over the first year and 
made it possible for him to merchandise his product. 


J. P. Witson.—Another experience along that line; I know a manu- 
facturer who did not have room for steam kilns. He took a regular hot- 
air furnace and set it up in one corner of his building, and then ran the 
pipes along different parts of his shop, and in that way he was able to 
maintain his temperature. He was careful to keep his blocks sprinkled 
and he got as good results as the other fellow got with his steam. 


Mr. LowreLy.—The main thing is not to let your product dry out for 
the first eight days. After that, it does not make much difference. 


Mr. Witson.—And in winter, if the temperature is too low it does not 
make any difference whether you have any water in there or not. 


~ Mr. Witson.—But the 700-Ib. block is for a much higher type build- 
ing than the others, and we do not give them much leeway. All the men 
making them have good plants and there is not so much excuse for their 
being low. All of them go into three and four story buildings and we 
require them to live up to the ordinance all of the time. We feel that 
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our ordinance has worked very advantageously in Detroit, to both the 
manufacturer and the public in general and the building department. We 
are perfectly satisfied with the results we have had under that ordinance. 
The manufacturers have made a block that will go 500 Ib. in twenty-eight 
days; most of them make a 500-lb. block in ten days, at least, so that the 
quality- of the block is pretty good. It is so good that we have never had 
any trouble with damp basements and the strength of 500 lb. on the ordi- 
nary residence will give us a safety factor of about twenty. We feel it is 
a waste of energy and material to make any stronger block than that. The 
700-Ib. class is in general a tile which we allow in a bearing wall up to 
four stories. We feel 700 lb. is ample. We allow them to be loaded to 
90 lb. and from what tests I have run in the laboratory on pier tests, I 
find that with piers laid up with tile with a course of brick on the out- 
side and a header course every sixth tier that the actual bearing power 
of that pier is over 700 lb. per sq. in., so we fee] that we are getting 100 
per cent requirements out of these tile. With our load of not over 90 lb. 
we have got about a factor of eight, which we consider ample. We also 
have the same arrangement on the clay tile. They both make 700 lb. and 
1 do not know any other city where they make the same rating. We have 
made about 450,000,000 brick units the past year and when the brick in- 
dustry in Detroit made only 600,000,000 bricks you can see what strides 
the concrete industry has made in Detroit. 


Mr. Topras.—There is one thing I just took up with Mr. Gonnerman 
—to digress a little and go back to those curves, showing the effect of 
medium wet and dry curing conditions. I just made some figures here that 
show in a curing room 35x 12 by an average of about 7 ft. high, contain- 
ing 2,814 cu. ft., the air at 125 degrees F. will require only 17 pounds of 
water to saturate the air in the curing room. At 70 deg. that same curing 
room air will only hold about 3% lb. of water. If the curing room is 
tight, and temperature is held constant, very little steam need be taken 
from boiler to maintain air saturation. 


Mr. Witson.—lf you keep the block as it is when you make it, you 
do not need to put any more water on it. And when you are properly 
using a stripper machine you have more water than is absolutely neces- 
sary to bring about the chemical reaction. You also have enough water 
to keep the air in the kiln saturated, if you do not lose any to the outside. 

Mr. Hitker.—I do not agree with this man from Detroit on that. We 
went into the tile business last year, did not know much about it, went 
at it blindly, used the same mix as we used on blocks, made some Sampson 
tile and gave them 24 hours’ curing under steam pressure, temperature 
along about 70 or 80 deg. After 24 hours’ curing we took them out in 
the yard and stacked them up. That was on the 18th of July; the sun 
was awful hot; there was a wind coming from the south; we got those tile 
out at 10 o’clock in the morning, and at 4 o’clock in the afternoon they 
were all chalk. We did not give them any moisture between the time we 
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took them out of the curing room at 10 o’clock and 4 o’clock. We worried 
for a day or two as to the cause. I concluded there was only half as much 
concrete as in the block, more air space, hot winds and a hot sun. We 
took the whole 1,600 and threw them against the wall and they crumbled 
to pieces and we made another batch and placed them in the curing room 
and left them there for four days. I looked after that curing myself, and 
on the morning of the fifth day I took one of those tiles out of the curing 
room and pitched it as far as I could and did not even notch the corner 
off of it. That is my contention for the condition of curing. 


: 2S eae eS 


REpoRT OF CoMMITTEE E-5 ON AGGREGATES. 


Committee E-5 on aggregates signifies its approval of that part of the 
report of the Joint Committee on Standard Specifications for Concrete and 
Reinforced Concrete, pertaining to aggregates, with the following excep- 
tion. The committee believes that specific references to slag should be 
made in the definition for coarse aggregate by inserting the words “air- 
cooled blast-furnace slag” after the word gravel in the first line of para- 
graph 13. 

The committee further recommends that the following definition be 
inserted in the list of definitions in Chapter IT: 


Blast-Purnace Slag: The non-metallic product, consisting 
essentially of silicates and alumino silicates of lime which is de- 
veloped simultaneously with iron in a blast furnace. 


The committee further recommends that the following specifications 
for quality of slag be inserted in the specification for coarse aggregate: 


The weight of slag used in concrete and reinforced-concrete 
structures not subject to abrasion shall be not less than 65 pounds 
per cubic foot. 

The weight of slag in concrete and reinforced-concrete road 
and floor construction, and other structures subject to abrasion, 
shall be not less than 70 pounds per cubic foot. 


R. W. Crum, Chairman. 
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DISCUSSION. 


H. A. CuRIsTIAN.—In the past twenty-five years we used blast-furnace Mr. Christian 
slag almost exclusively in various concrete work. Our plant is down in 
the Lehigh Valley in Pennsylvania and some ten years ago we got some 
air-cooled slag from the Thomas Iron Co., in which there was a lot of 
iron shot, which, of course, we did not find out until the structures were 
completed. Now examining the structure some time afterward, there was 
a spalling on the surface. It amounted to from one inch to six inches in’ 
diameter and in digging the spalls off, the spalling action was shown to 
have been caused by the iron shot near the surface of the concrete, which 
oxidized—that is the iron shot oxidized, expanded and shoved away the 
concrete. Therefore I would suggest that in that specification, “free from 
iron shot” be included. 


WaLter H. WHEELER.—I think that you should also add to that speci- Mr. Wheeler 
fication, “slag from reverberatory furnaces,” such as those used in the silver 
lead milling process and the copper smelting process, may be used. I have 
used that kind of slag with satisfactory results and ‘ho sign of disinte- 
gration after fifteen or sixteen years. 


CHARLES E. NicHors.—The battle has been waged back and forth Mr. Nichols 
vigorously on the subject of slag in the past, but I think a great many 
engineers are still very much in the air as to just what is the matter with 
slag to make people afraid of it. The committee, also, apparently feels so. 
Slag is well worthy of consideration, but for the information of other 
engineers, particularly those in sections of the country where it is not com- 
monly used, I would like to suggest that the committee give the Institute 
in their report the benefit of all detailed information which comes to them, 
and which leads them to a recommendation for or against its use. It is 
a subject that, so far as I know, has never been covered adequately. It 
is more or less one of the “mysterious things” that get into concrete and 
a lot of engineers would like to know more about it. 


Henry L. Howr.—In making laboratory determinations on the weight Mr, Howe 
of slag, I think the result depends a great deal on the grading of the slag. 
I have not read the committee’s report but have they taken that into con- 
sideration? I personally believe that 65 lb. is too light for ordinary work. 


Pror. W. K. Harr.—I would just like to call attention to the need mr. Hatt 
for a test of some kind to determine the probable durability of aggregates 
and of building stone. There is no satisfactory test at the present time. 


J. P. Wizson.—I would like to inquire whether, in the selection of Mr. Wilson 
aggregates, there has been any work done upon the expansion of aggre- 
gates due to moisture content? I have made a few experiments on stock 
limestone, taking a stone that will absorb probably two to two and a half 
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per cent of moisture, which will be probably the absorption of a very good 
concrete, and I have found that this stone itself self expands, probably 
two and a half times as much as the concrete matrix in which it is em- 
bedded. Whether in the alternate wetting and drying of structures this 
has anything to do with disintegration or not is something upon which 
I think some work can be done. 


Report or Commirrre G-4, NoMENCLATURE. 


In 1919, the Committee on Nomenclature in its report included a 
definition of concrete. About a year later, this report was approved by 
letter ballot of the membership. This definition remained, with only minor 
changes, until 1923, when an urgent demand arose that the definition be 
modified so as to recognize as concrete only a material which employs 
portland cement as a binder. The Board of Direction asked that a dis- 
cussion of the subject on the floor of the convention be held. This discus- 
sion was held during the 1924 convention, and it appeared to be the 
consensus of opinion of those participating in the discussion that it was 
not desirable to try to limit the use of the term “concrete” so as to make 
it refer only to concretes employing portland cement as a binder. The 
committee was asked, however, to reconsider the definition, with a view 
to determining whether any change at all should be made. The com- 
mittee has held a meeting for this purpose, and voted unanimously to 
make no change at all in the definition. The committee endorses the rea- 
sons given in the Proceedings for 1923, pp. 577 to 579, for retaining the 
definition in its present form. The reason for not accepting the proposal 
to eliminate the words “Generally (always in the specifications of the 
American Concrete Institute)” are given in the following words, quoted 
from the last two sentences, p. 579, which read: “ . . . the definition is 
better as it stands at present, and more likely to be given weight even 
in a court of law, because it is a careful statement. It makes the position 
of the Institute clear, and does not assume the prerogative of legislating 
outside of its own sphere.” The definition unchanged is: 


Concrete—A compound of gravel, broken rock, or other aggregate, 
bound together by means of hydraulic cement, coal tar, asphaltum, or other 
cementing materials. Generally (always in the specifications of the Amer- 
ican Concrete Institute) when a qualifying term is not used, portland 
cement concrete is understood. 


The committee wishes to correct a statement made on p. 577 of the 
1924 Proceedings. At the time of that report, the definition had “been a 
standard of the Institute” for three instead of “five” years. It had been 
included in a report of the committee made four years previously and 
republished two years and one year previously. See 1919 Proceedings, p. 
375; 1921 Proceedings, p. 322, and 1923 Proceedings, p. 322. 


W. A. SLATER, Chairman, 

Frank A. Hrroncock, Secretary. 
JoHN R. LAPHAM, 

ALLEN B. McDANIEL. 
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Fire Resistance oF ConorEetTE Burtpina Units.* 
Submitted by Committee P-5. 


During 1924, your committee has completed its study and review of 
the tests carried out at the Underwriter’s Laboratories and has received 
from the laboratories its report and copy of their recommendations based 
thereon. These recommendations have been submitted to the fire council of 
the Underwriter’s Laboratories and approved by them. 

Through the courtesy of the Portland Cement Association this report 
(a book of 100 pages) has been printed and one copy has been offered to 
each member of the Institute. It will be sent free of charge to every 
member requesting it. 

The progress reports of Committee P-5 printed in the Proceedings of 
the American Concrete Institute, Vols. 19 and 20, give details of the tests. 
These details with further data appear in the report of the Underwriter’s 
Laboratories; the committee, therefore, in making its final report, will not 
repeat data already before the members, but presents for the acceptance of 
the Institute as its final report, the report of the Underwriter’s Labora- 
tories above referred to. 

In submitting this report your committee draws attention to several 
important conclusions drawn by the Underwriter’s Laboratories from the 
observations made during the tests. 

The following paragraphs summarize these observations. They are in 
effect conclusions with respect to the properties of hollow concrete building 
units in the several variables of form, composition and processes of manu- 
facture and with respect to assemblies of these units into 8-in. walls or 
partitions, in so far as these properties have a bearing upon the perform- 
ance of the units or assemblies of them when subjected on one side to 
standard fire exposure conditions: 


1. Flame Passage.—There will be no material passage of flame, radi- 
ant heat or smoke through walls or partitions of these units while the 
wall or partition assembly remains in place. 


2. Spalling.—There is practically no tendency to spall or for dislodg- 
ments from exposed areas. 


3a. Bulging.—Bulging or distortion takes place and produces cracks 
in mortar joints and vertical through cracks in the units. The extent of 


*Upon motion of Mr. Allen the report was accepted Feb. 26, 1925, as a 
final report of the committee. 
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this bulging is at least in part a function of the wall area. It is not 
sufficient to bring about collapse of a wall or dislodgments from its face 
when the usual limitations as to height and unbraced areas are observed. 


3b. The extent of bulging in unrestrained areas was not determined. 
The observations appear to warrant the inference that such bulging would 
not exceed that of other unrestrained masonry units in like areas and 
thickness. 


4a. Cracks.—Unequal expansion, the effect of temperature differences 
in the mass of a unit, produces vertical cracks in end shells and interior 
webs. The cracks appear at the approximate point of minimum thickness 
in these members and webs. In the case of block the location of these 
cracks is sufficiently far back from the exposed face to provide that the 
loosened shell is held in place by contact of its four edge surfaces with 
adjoining block in a wall assembly. 


4b. The cracks appear early in the fire exposure period (within 20 
minutes). 


4c. For walls or partitions not subject to applied load the cracks 
have no material bearing upon the way in which the assembly performs as 
a fire retardant. 


4d. In the case of loaded walls or partitions the cracks may impair 
the ability of the wall to continue supporting its load during prolonged 
fire exposure or when the assembly, including the framed-in members trans- 
mitting the load, is subject to vibration. In general, the effect of cracking 
is to produce two adjoining thin wall sections which are more or less 
effectively keyed together by the transverse members some of which may 
remain unbroken even after severe and prolonged fire exposure. 


5a. Heat Insulation.—The critical temperature (300 deg. F.) on the 
unexposed surface of unfinished wall or partition assemblies of these hol- 
low concrete building units not reached before 2 hr. 30 min. 


5b. Temperatures in the core spaces become high enough to cause 
charring of exposed framed-in timbers in about one hour. 


6a. Stucco Fimish.—A finish on the exposed face of portland cement 
stucco, %4 in. thick, will generally remain in place during the entire period 
of fire exposure. Such a finish delays the time of reaching the critical tem- 
perature (300 deg. F.) on the opposite face of the assembly for at least 
30 min. The lag in temperature rise within the core spaces is approxi- 
mately the same. 

6b. A finish on the exposed side of %4-in. portland cement stucco re- 
duces somewhat the extent of cracking in end shells and interior webs but 
causes no appreciable delay in the elapsed time before cracking occurs. 

The foregoing are general observations and conclusions, with regard 
to effects of fire exposure The following statements apply to variables of 
form, composition and processes of manufacture: 
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7a. Aggregates.—Coarse aggregates having a high siliceous content 
should not be used in hollow concrete units when performance in fire ex- 
posure is a consideration.* 


7b. In the case of hollow concrete units where protection of structural 
steel is not a consideration, there appears little or no occasion for prefer- 
ence from the fire endurance point of view between the various other coarse 
aggregates. 


8. Curing and Consistency.—No observations were made in connection 
with the fire endurance tests seeming to justify preference as to air vs. 
steam curing, or as between dry, damp or wet consistencies. 


9. Mia.—The fire endurance test performance produced no evidence 
warranting preference as to cement proportion. The bond between a stucco 
finish and a wall assembly should be less affected by fire exposure if the 
“mixes” are nearly alike. In other words, when the coefficients of tem- 
perature expansion are approximately the same, a good bond will not be 
broken. 1 


10. Form.—tThe data secured from the fire endurance tests do not 
warrant preference as to form or design of block. The results of tests on 
Panel P-4 suggest that face shells exceeding 2 in. in thickness would elimi- 
nate cracking in end shells and in internal webs. 


Effect of Fire Hose Streams.—Application of a standard fire hose 
stream ‘(see test of Panel a) immediately following a 5-hr. fire exposure 
will not produce openings in the wall assembly or cause spalling or dis- 
lodgments from its face. The thickness of exposed face shells will not be 
reduced by erosion beyond the point to which calcination has occurred. 


Stability Under Impact.—The impact test of Panel G demonstrated 
substantial stability in restrained assemblies. The condition of block re- 
moved from other panels subjected only to the fire endurance test indicates 
that cracking had occurred generally in the block in Panel G. That none 
of the shells on the exposed face outside of the area of the blows were dis- 
lodged shows large degree stability in a restrained wall or partition even 
when units are generally cracked from fire exposure. 


Strength Tests.—In general, the results recorded for these strength 
and other physical properties of block show that the samples employed in 
the fire exposure tests were truly representative good quality block. The 
results of tests made on specimen block taken from panels which had been 
subject to a fire endurance test of 5 hr. show a very substantial remaining 
margin of safety as to load bearing value in the test specimens, particu- 
larly when the usual limitations as to allowable load are considered. 


* The Fox River sand used in the manufacture of most of the block, while 
generally considered. “calcareous sand,” is shown by the chemical analysis to 
have a silica content of 43.76 per cent. That from the Meramec River basin 
had a silica content of 96 per cent. The possibility that the selection of fine 
aggregate having a silica content of but a nominal amount, and of coarse aggre- 


gates of similar low silica content would have avoided cracking in the block has 
not been investigated. 
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SUMMARY. 


Fire endurance, fire hose stream, impact, absorption and compressive 
strength (before and after fire exposure) tests show: (1) That one-piece 
5x8x12 or 8x8x16-in. hollow concrete building units, having cement 
proportions from 1: 3 to 1: 7 and either air or steam cured and mixed with 
either dry, damp or wet consistencies and of fine and coarse aggregates, of 
crushed limestone, of crushed slag, of crushed cinders or of sand and cal- 
careous pebbles, when assembled into walls one unit thick and with the 
usual limitations as to height and unbraced areas, are capable of with- 
standing standard fire exposure conditions in excess of 5 hr. without seri- 
ous bulging and without spalling or dislodgment and without permitting 
passage of flame, radiant heat or smoke through the wall or partition 
assembly; (2) that unloaded walls or partitions of such units may be 
classified as 2-hr. fire retardants, the determining point in the classification 
being the time when a temperature of 300 deg. F. is reached on the unex- 
posed side; (3) that important loaded walls of these units may not be 
classified formally under the Standard Specifications as better than 15-min. 
retardants, the critical point being the development of cracks near the 
exposed face in end shells and in interior webs, the occurrence of this 
cracking affecting the stability of the wall at least as regards its con- 
tinued use after the fire exposure conditions are removed; and (4) that 
loaded walls will perform effectively as fire retardants after shell and web 
cracking has occurred while they remain in place. 

Walls composed of these units do not add fuel to fire. From the fire 
protection point of view their use is to be preferred over walls of com-. 
bustible materials or of non-combustible materials the strengths of which 
are seriously affected by fire temperatures. 

Consequent upon the above conclusions, the Underwriters’ Laboratories 
have made the following recommendations to their fire council and these 
recommendations have been accepted and approved by the council. < 


RECOMMENDATIONS. 


The following general information cards have been previously author- 
ized and are now outstanding: 


Guide 40 UC 24.4. 

“Exterior Walls are of great importance in preventing the spread of 
exposure fires. Where the conflagration hazard exists such walls are fre- 
quently valuable in community fire protection. At critical places such 
walls should be without openings. Necessary openings elsewhere should be 
as small as practicable and protected by standard fire retardants of a 
rating suitable for the exposure.” 


Guide 40 UC 24.8. 
“Interior fire stops (walls and partitions). The great value of in- 
terior walls and partitions as fire stops in safeguarding life and preventing 
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the horizontal spread of fire within buildings makes it essential that all 
walls and partitions regarded as fire stops be of materials, design and 
construction developing a high degree of fire resistance. When practicable 
such walls and partitions should be without openings. Necessary open- 
ings should be as small as possible and protected by standard retardants 
of a rating suitable for the exposure.” 


RECOMMENDATION 1. 


We recommend promulgation of the following special information 
cards applying to exterior walls and to interior walls, partitions and 
vertical-shaft enclosures built-up of hollow concrete building units. 


Guide 40 UO 24.4 May 1, 1924—Laboratories File R 1555 
SPECIAL INFORMATION CARD. 


Exterior walls of hollow concrete building units, 8-in. exterior walls, 
conforming to usual limitations as to loads, heights and unbraced areas, 
built up of standard hollow portland cement concrete building units with 
portland cement mortar are shown by standard fire endurance, fire hose 
stream, impact, compression and other tests to furnish protection against 
passage of flame, and dangerous temperature for the periods given in the 
following classifications. 

The hollow units are subject to end shell and web cracking early in 
the fire exposure period. This cracking impairs the stability of loaded 
walls and of other walls of excess height and areas. 


Non-load bearing panel enclosure and curtain walls.. R 2 hr. 
Loaded -walls. . <-nrscw cue sine eer een eee emer 13 4 lee 


See text in regard to stability and framed-in members. 


A finish on the exposed side of portland cement stucco, %4 in. thick, 
will usually furnish 14 hr. additional protection. The use of framed-in 
combustible load-bearing members will reduce the period of effective pro- 
tection at least one-half. 


See cards following Guide No. 40 UM 2.5-for manufacturers of standard 
hollow concrete building units. 


Guide 40 UO 24.8 May 1, 1924—Laboratories File R 1555 


SPECIAL INFORMATION CARD 


Interior walls and partitions of hollow concrete building units, 8-in. 
interior walls, partitions and vertical-shaft enclosures, conforming to usual 
limitations as to loads, heights and unbraced areas, built-up of standard 
hollow portland cement building units with portland cement mortar are 
shown by standard fire endurance, fire hose stream, impact, compression 
and other tests to furnish protection against passage of flame and of 
dangerous temperatures for the periods given in the following classifica- 
tions. 
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The hollow units are subject to end shell and web cracking early in 
fire exposure period. This cracking impairs the stability of loaded walls 
and of other walls of excess height and areas. 


Non-loaded interior walls, partitions and vertical shaft 
CNCLOSUTESE erat Marna aa caer eyaretttocarere oa ean nO oe 2 hr. 
Inoade daw lla su mean ohne hireaseih oo ooeet ue oan Shes 2 hr. 


See text in regard to stability and framed-in members. 


A finish of portland cement plaster, % in. thick, will usually furnish 
% hr. additional protection. 

The use of framed-in combustible load-bearing members will reduce the 
period of effective protection at least one-half. 


See cards following Guide No. 40 UM 2.5 for manufacturers of standard 
hollow concrete building units. 


RECOMMENDATION 2. 


We recommend the following as Underwriters’ Laboratories Standard 
for hollow portland cement concrete building units. 


Strength.—Hollow concrete building units shall have average strength 
in compression of 700 lb. per square inch of gross cross-sectional area as 
laid in the wall when tested not more than 28 days after manufacture. 
Individual units shall have a minimum compressible strength of 600 lb. 
per square inch of gross area. 

Each factory producing standard hollow concrete units shall be pro- 
vided with or have prompt access to satisfactory tests machines permitting 
frequent and systematic determination of the compressive strength of its 
product. 

The procedure in making tests for ¢ompressive strength shall agree 
with the standard specifications of the American Concrete Institute. 

In general the results of compressive strength and other tests should 
be fully recorded and these records should be identified and preserved for 
review if desired by representatives of the purchaser and user of regulatory 
bodies. 

Dimensions.—Hollow concrete building units shall be of nominal thick- 
ness of 8 in. as laid. in the wall. Their height shall not exceed 8 in. 
(nominal). The length shall not be less than 12 in. nor more than 16 in. 
(nominal). ‘Face shells shall be 114 in. in thickness at the thinnest point 
and shall average 134 in. in thickness. 

A tolerance of 4 in. plus or minus shall be recognized for the above 
dimensions but actual dimensions shall be used in computing compressive 
strength values. 

Composition.—The cement proportions for hollow concrete building 
units may be either 1: 3, 1: 4, 1:6 or 1:7 as the manufacturer may elect 
provided that no change shall be made from a particular “mix” until 
strength and other tests have been made on specimens representative of 
the new proportion. 
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Only standard portland cement shall be used (A. S. T. M. Specitica- 
tion). Either a dry, damp or wet consistency may be employed provided 
no change is made from the established practice until strength and other 
tests have been made. Steam curing is preferred because uniformity is 
more easily secured thereby. If air curing is employed a special strength 


testing program may be required. 


The aggregates used, both fine and coarse, including the sand, shall 
be secured from sources ensuring uniformity in quality and kind. Coarse 
aggregates of other than crushed limestone, crushed slag, crushed cinders 
or caleareous gravel shall not be used until their performance in fire en- 
durance and strength tests has been determined. 

The sand and aggregate proportions established for a given point of 
production shall be closely adhered to until compressive strength and other 
tests have been made of specimens representing new proportions. 


Design.—One piece units with two or three square or oval cores are 
considered standard. Other one-piece forms may require fire endurance 
and other tests before they can be classed as standard. 

Solid units of the composition regularly found in the hollow units of 
a particular plant may be furnished provided the limits as to dimensions 
are observed and provided further that their minimum strength in com- 
pression shall be not less than 1000 lb. per square inch as laid in the wall. 


Marking.—The maker shall provide a distinctive marking in any sur- 
face of the units by means of which the plant at which it was made may 
be determined at least up to the time the unit is assembled into a wall 
or partition. Such markings shall not appear on output not intended to 
conform to this standard or upon portions of output shown by test to fail 
to comply with one or more items of this standard. 


Fire Endurance Tests——When fire endurance tests are made as speci- 
fied in the foregoing items the program of the Standard Specifications for 
Fire Tests of Building Materials and Construction shall be followed except 
that panels may be not more than 6 by 6 ft. exposed areas and the fire 
hose stream test may be omitted if in the judgment of the testing body 
the data secured therefrom are not required to conform or supplement that 
secured in the fire endurance test. Test performance in general correspond- 
ing to that recorded for Panels H, A, G, B, D and K Underwriters’ Labora- 
tories Report R No. 1555, shall be basis of judgment as to outcome of such 
fire endurance tests. 


RECOMMENDATION 3, 


Finally, we recommend that when it has been shown that hollow 
(portland cement) concrete building units produced by any submittor 
comply with this standard (Recommendation 2) the staff may cause the 
promulgation of the card following form and text. 
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Guide No. 40 UM 2.5 


Doe, John, Mfr. 
Factory and/or Office Address 
City and State 
Hollow concrete building units 3-oval (or 2-square) cored pattern of 
sand crushed limestone aggregate. 


STANDARD INSPECTION SERVICE. 


See special information cards, Guide Nos. 40 UC 24.4 and 40 UC 25.8 
for retardant classifications and for limitations applying to walls, par- 
titions and vertical shaft enclosures built of standard hollow concrete 
building units. 

Inspection authorities having jurisdiction should be consulted in all 
cases before these block are used. 


Respectfully submitted, 


(Signed) A. R. SMALL, 
Vice-President. 


The foregoing recommendations have been accepted and the action 
proposed therein has been taken. 
UNDERWRITERS’ LABORATORIES 
(Signed) D. R. ANDERSON, 
Secretary. 


The block tested were made according to the standard practice of the 
American Concrete Institute. It will be noted that the above consider- 
ations apply to standard block thus made. The aggregate used were those 
in common use in the concrete block industry and it has been suggested 
that with block in which the fine aggregate was of a calcareous nature, 
better results under fire test might have been observed, but such fine aggre- 
gate is used in very few plants and the first duty of the committee was to 
investigate the fire resistance of block made according to present standard 
practice. 

The conclusion of this program leaves a wide field open for further 
research. It would be of great value to the industry to secure data on the 
fire resistance of wall assemblies under load of two-piece units, or rein- 
forced units and of units of different form to those tested. 

The tests seem to point to the probability of greater fire resistance 
through increasing the thickness of the shell exposed to the fire and the 
Underwriters’ staff have also suggested that the use of fine aggregate in 
which a larger proportion of calcareous material was found, might con- 
siderably reduce web cracking. 

The use of such aggregate is not common as there is no record of 
natural sands of this nature and the other fine aggregates such as finely 
crushed limestone and granulated slag have not come into general use be- 
cause of the difficulty in producing a workable mix with them in the ordi- 
nary concrete block machines. 
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Your committee feels, however, that the result of the tests already 
made will be of immense value to the industry and that as they become 
better known, they will assist in opening a way for the wider use of con- 
crete building units. 

They would urge that a new committee be appointed to carry on re- 
search work with a view to developing units and wall assemblies that give 
fire resistance even higher than that developed in these tests. 

With the data secured from these tests, makers of individual concrete 
blocks can have their products tested at a much smaller expense than 
would otherwise be necessary, as the fund of data now accumulated is 
available as a basis to work from and future test programs for individual 
units need be far less elaborate. : 

This series of tests has laid a foundation for a series of investigations 
which could very properly cover the field of all masonry units used in wall 
assemblies and it may also prove a starting point for an intelligent system 
of inspection which will eventually extend to all mason’s materials. 

It is noteworthy that this is the first instance of an industry produc- 
ing mason’s units that has carried out at its own expense a comprehensive 
series of tests and published the results. 

The tests would be of far greater value to the building industry if 
other industries producing mason’s materials were also to ‘institute similar 
test programs in order that an exact comparison of their fire resistance 
might be made. 

In conclusion your committee would once again express its apprecia- 
tion of the services of the Underwriters’ Laboratories staff and the co- 
operation of so many in the concrete products industry who have contrib- 
uted toward making this program successful. 


Lesiig H. ALLEN, Chairman, 
HaARrvEY WHIPPLE, Secretary. 


REPORT OF COMMITTEE S-6 on ConorEetrse Roaps AND PAVEMENTS. 


At the twentieth annual convention in 1924, this committee submitted 
proposed standards for concrete pavements embodying certain specifications 
for steel reinforcement. With regard to bar reinforcement, those specifi- 
cations permitted only the use of structural or intermediate grade steel 
rolled from new billets. As a result of debate on the convention floor, the 
committee was instructed to consider further the matter of admitting bars 
from re-rolled steel and report at the 1925 Convention. The committee 
has the following to offer on this subject: 

During 1924 the University of Wisconsin made comparative tests of 
new billet and re-rolled-steel reinforcing bars. The results of this investi- 
gation certainly indicated that re-rolled bars are extremely unreliable in 
behavior. Over 40 per cent of the bars failed to meet the ductility require- 
ments of the American Society for Testing Materials specification and 34 
per cent of the specimens failed to pass the standard cold bend test. When 
the re-rolled bars were tested in tension after being bent, 80 per cent of 
them failed at the point of bend showing that in the process of bending the 
bar suffered serious injury at this point. 

These results tend to confirm the opinion expressed by the committee 
at the 1924 convention. 

Our conclusion is that the bars are not objectionable because they are 
rolled from old rails, but because this grade of steel is entirely too hard 
for reinforcement purposes. A uniform and reliable product is what is 
sought. Just as much trouble would occur from bars rolled from new 
billet steel if the carbon content was as high as that in rails. 

Our recommendation is that the specifications stand as presented, 
requiring structural or intermediate grade steel rolled from new billets 
and complying with the requirements for these grades of the American 
Society for Testing Materials, serial designation A15-14. 


C. R. Ear, Secretary. 


At the American Concrete Institute Convention, February 26, 1925, a mo- 
tion was adopted on recommendation of Committee S-6, to revise Standard Speci- 
fications for One-course Portland Cement Concrete Pavement for Highways in 
paragraph 5b, page 696, Vol. 20, A. C. I. Proceedings excepting slag from the 
wear test requirement so that the last sentence will read: ‘Coarse aggregate, 
excepting air-cooled blast-furnace slag shall show not more than 6 per cent loss 
in the wear test’; and omitting from the “Note’’ (same page) the sentence “As 
a guide to the engineer, Abrams’ ‘Tables of Proportions and Quantities for Con- 

‘erete Road Construction’ are printed herewith.” 

A further motion was adopted approving for submission to letter ballot of 
Institute membership (to be canvassed before May 26), the following tentative 
standards: 

“Two-course Portland Cement Concrete Pavement for Highways” (p. 710, 
Vol. 20, A. C. I. Proceedings) ; “One-course Portland Cement Concrete Street 
Pavement” (p. 716), and ‘‘Two-course Portland Cement Concrete Street Pave- 
ment.” 

The revision first referred to automatically affects the tentative standards 
and will under the rules be carried as a footnote until it has stood unamended 
for one year. 
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RECOMMENDED PRACTICE FOR THE DESIGN AND CONSTRUCTION OF 
Concrete DWELLING HOUSES. 


Submitted by Committee S-5 on Reinforced-Concrete Houses.* 
FOREWORD. 


In preparing this Recommended Practice for the Construction of Con- 
crete Dwelling Houses, the committee has recognized the natural limita- 
tions of loading and stresses in the dwelling house type. Methods of de- 
sign applicable to large structures may, with safety, be simplified when 
applied to dwellings, and arbitrary regulation of wall thickness is justified. 
Certain facts of common knowledge in regard to the strength of concrete as 
compared with well-known types of lighter construction should be given 
expression in regulations for the concrete type. 

These proposed regulations are not intended to discourage the use of 
so-called special systems, but rather to serve as a general standard for the 
correct use of the special systems or forms of construction as well as for 
those that do not class themselves as “special systems.” Rules and regula- 
tions that discourage invention and progress in the adaptation of rein- 
forced concrete to dwelling house construction are a hindrance rather than 
a help to the construction industry. In the opinion of your committee, 
ample strength will be insured for any dwelling house regardless of its 
type, combination of materials or arrangement of structural parts if it 
conforms with the general requirements as to strength and methods of 
design as set forth in these regulations. 

No better reason for submitting these regulations need be given than 
the comparative newness of the use of concrete for dwellings and the pro- 
tection from fire loss gained thereby as well as the need for standardiza- 
tion of the methods of design and. procedure in preparing specifications or 
building regulations for concrete dwelling houses. 

Recognizing that one of the duties of the Institute committees is to 
present information on new and useful developments in the particular field 
assigned to it, your Committee S-5 on Reinforced-Concrete Houses plans 
to submit next year data showing the present state of the art in the use of 
conerete and reinforced concrete for dwelling houses. g 

In addition to the foregoing it is anticipated that during the next 
year there will be prepared a final section that will include a program for 


*By announcement of the Chair this report was accepted, without vote, as 
a progress report of the committee. 
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requirements under which detailed standards may be prepared for indi- 
vidual systems and forms of construction adaptable to concrete house 
construction. This section will serve as dependable and tried information 
for all who may have occasion to use it. It is felt that this information 
will confer a needed service on the building public and promote the proper 
and dependable use of each kind of dwelling house construction. 


II. MATERIALS. 


(A) Cement. 


1. Only standard portland cement that fulfills the specifications of 
the American Society for Testing Materials for portland cement shall be 
used in the construction of concrete and reinforced-concrete dwelling houses. 


(B) Aggregates. 


2. The use of aggregates in meeting the requirements of this chapter 
is subject to the results of tests made at a testing laboratory of recognized 
standing, showing that the aggregates proposed for use will give a strength 
factor of safety of 5 on compressive specimens at 28 days. The tests shall 
be conducted in accordance with the Standard Methods of Making Com- 
pression Tests of Concrete of the American Society for Testing Materials. 


(O) Fine Aggregate. 


3. Fine aggregate shall consist of sand, crushed stone, air-cooled blast- 
furnace slag or other inert materials having similar characteristics. It 
shall be free from injurious amounts of dust, lumps of clap, soft particles 
or other foreign substances. 


4, Fine aggregate shall range in size from small to large, preferably 
within the following limits: 


Passing a No. 50 Sieve: Not more than 30 per cent. 
Passing a No. 4 Sieve: Not less than 95 per cent. 


5. Fine aggregate consisting of natural sand shall not be used if it 
shows a darker color than the standard when tested in accordance with 
the Standard Method of Test for Organic Impurities in Sands for Concrete 
of the American Society for Testing Materials. 


(D) Coarse Aggregate. 


6. Coarse aggregate shall consist of crushed rock or stone, gravel, 
crushed, air-cooled blast-furnace slag or other inert material of similar 
character or combinations thereof having clean, hard, durable, strong un- 
coated particles free from injurious amounts of soft, friable, thin or lami- 
nated pieces and from alkali, organic or other deleterious matter. Blast- 
furnace slag for this purpose should preferably weigh not less than 60 


pounds per cubic foot, 


Portland Cement. 
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7. Coarse aggregate shall range in size from small to large, preferably 
within the following limits: 


(a) For large sections or members: 
Passing a No. 4 sieve: Not more than 5 per cent. 
Passing a 114-in. sieve: 95 per cent. 
With no particles larger than 3 in. 


(b) For sections or members less than 4 in. in the least dimension: 
Passing a 14-in. sieve: 95 per cent. 
With no particles larger than % in. 


8. Rubble aggregate shall consist of clean, hard, durable stone larger 
than coarse aggregate and not larger than one-man stone. 


(EB) Mined Aggregate. 


9. Bank-run material may be used providing it satisfies the require- 
ments of Paragraphs 2, 3, 5, 6 and 7,-and providing it runs uniform in 
grading from fine to coarse throughout the deposit used. 


10. Clean boiler cinders may be used in concrete block or in unrein- 
forced concrete subject to compression only. 


(F) Water. 


11. Water for concrete shall be clean and free from oil, acid, alkali, 
organic matter or other deleterious substances. 


(G) Reinforcement. 


12. Metal reinforcement shall be of a quality and character meeting 
the requirements of the Standard Specifications of the American Society 
for Testing Materials for the kind or grade of reinforcement used. The 
areas of deformed bars shall be determined by the minimum cross-section 
thereof. 


13. The quality of cast iron used in composite columns shall conform 
to the requirements of the Standard Specifications for Cast Iron Pipe and 
Special Castings of the American Society for Testing Materials, 


III. Desien. 
(A) Nomenclature. 


14, The symbols used in the following formulas are defined as fol- 
lows: 


A, gross sectional area of concrete. 

A, =the effective cross-sectional area of metal reinforcement in 
tension in beams or compression in columns. 

6 = width of rectangular beams or width of flange of T-Beam. 

d =depth from compression surface of beam or slab to center of 
longitudinal tension reinforcement, 
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D =least horizontal dimension of column, pier or pilaster. 

f, == compressive unit stress in extreme fiber of concrete. 

f, == tensile unit stress in longitudinal reinforcement. 

1 =span length of beam or slab, or unsupported length of column, 


pier or pilaster. 

M =bending moment or moment, of resistance. 

M, =resisting moment of steel. 

M,_ =resisting moment of concrete. 

o =perimeter of the bar. 

P =the carrying capacity of an axially loaded column. 

p =ratio of effective area of tension reinforcement to effective 
area of concrete beams—A , /bd. 

u =the bond stress per square inch of superficial area of the bar. 

V =maximum vertical shear, or shear at the critical section. 

w = uniformly distributed load per unit length of beam or slab. 

t =thickness of flange of T-Beam. 

n =ratio of modulus of elasticity of steel to that of concrete. 


(B) Working Unit Stresses. 


15. The following working unit stresses on concrete are based on a 
compressive strength of 2000 lb. per square inch at 28 days of the con- 
crete cast in place: 


Extreme fiber stress in flexure— 
650 lb. per square inch. 
Extreme fiber stress compression, adjacent to support of continuous 
beams— 
700 lb. per square inch. 
Shear in concrete— 
40 lb. per square inch. 
Direct compression on plain concrete in piers, pedestals and foot- 
ings— 
500 Ib. per square inch. 

16. Tensile stress. on billet steel and rail steel bars 16,000 Ib. per 
square inch. 

17. The unit working stress for masonry walls, piers and pilasters 
built of concrete masonry units laid in portland cement mortar shall not 
exceed the following: 

Hollow concrete block: 100 lb. per square inch of gross cross-sec- 
tional area. 
Solid concrete block: 120 lb. per square inch of gross cross-sec- 
tional area. 
Concrete brick: 250 lb. per square inch of gross cross-sectional 
area. 


Concrete. 


Reinforcement. 


Working Stresses 
for Masonry Units. 
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(C) Design Loads. 


Loading 18. All parts of the structure shall be designed to carry the dead 
Requirements. j aie : : : 
loads and in addition the live-loads herein specified. 


_(a) Floors: Wood floor joists, 40-Ib, beams, arches and similar mem- 
bers of reinforced-concrete—40 lb. per square foot of tributary 
area. 


(b) Roofs: Roof beams, rafters, purlins, slabs, ete.—30 lb. per square 
foot of horizontal projection. : 


Where the climate is such that no snow loads occur, the roof live-loads 
may be taken as 20 lb. per square foot of horizontal projection. 


(D) General Principles of Design. 


General. 19. All parts of the structural supporting frame bearing loads or 
resisting stresses shall be designed so as to support the dead weight of the 
structure, including all permanent parts or members, and in addition all 
live-loads, without exceeding the allowable unit working stresses for the 
kind of materials, systems, units and forms of construction employed in 
the building. 


20. Calculations and allowable unit working stresses shall, unless 
otherwise prescribed, conform to the standards of the Report of the Joint 
Committee on Concrete and Reinforced Concrete. 


(#) Beams. 


General. 21. Beams or slabs shall not be considered as fixed or restrained, 
unless fixity or restraint is positively provided by monolithic construction 
with supports and by the use of appropriate reinforcement. The width of 
the flange shall not be taken greater than three times the thickness of 
the web or slab and not greater than 2/3 of the spacing of beams. 


Moment in Simple 22. For simple beams and slabs the positive moment at center of 
span span shall be determined by the relation: 


wl 
ye bi Sisk oh ee (1) 


Moment in 23. For beams or slabs continuous over two spans, the positive mo- 
Continuous Beams. ' ; S 
~" ment at center of span shall be determined by the relation: 


wl 
SMO GON A Coca oc Come 5 2 
10 (2) 
and for negative moment over the middle support 
wl 
Er SEIS SE RO.O'S ti. hays Roo (3) 
8 


24, The resisting moment of rectangular beams or slabs may be com- 
puted by the following approximate formulas: 
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Resisting moment of steel— 
oi xX BdxA, Soke CelecaPeliniste ne eilekelensi © (4) 


Resisting moment of concrete— 


25. Where slabs are cast integrally with beams the floor slab and T-Beams. 
beam may be assumed to act as a T-Beam and computed by thé following 
approximate formulas for T-Beams with neutral axis in the web: 


Ale 6 Seat ree ee ae (6) 
MEO Ss (i eehias ene pe (7) 


26. Bond stress on bars in beams and slabs shall be computed by the 
following formula: 


27. w shall not exceed 80 lb. per square inch for plain bars, nor 100 lb. Bond Stress. 
per square inch for deformed bars, unless anchorage of the bars is provided 
by extending the bar beyond the point of zero moment by means of U-hooks 
having a radius of bend not less than four diameters of the bar and having 
a straight run of bar beyond the hook, of at least six-bar diameters. If 
U-hooks as above specified are used the bond stresses may be 160 lb. per 
square inch for plain bars and 200 lb. per square inch for deformed bars. 


28. Tension reinforcement at the ends of simple beams and freely Anchorage. 
supported continuous beams shall be anchored by carrying at least one- 
fourth by area of the tension reinforcement beyond the face of the support 
for a length of anchorage of 10 or more bar diameters. Negative rein- 
forcement shall be carried to or beyond the point of inflection. (See Sec- 
tion 27, “Bond Stress.” ) 


29. The shear v in reinforced-concrete beams may be computed by the Shear. 
following approximate. formula: 


Shear reinforcement need not be provided if the shear as computed by 
Formula (9) is less than 40 lb. per square inch. 


30. Shear reinforcement may be accomplished by: Shear 
(a) Vertical or inclined stirrups. Se ee 


(b) Longitudinal bars bent up. 
(c) Combination of stirrups and bent up longitudinal bars. 


Spacing. 


Combined Stirrups 
and Web Bars. 


Flat Slabs. 


General. 


Formula. 
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31. The spacing s, of shear reinforcement shall be determined by 
the following formulas: * For values of « from 45 to 90 deg.: 


16,000 Av eae (10) 
b (v—40 sin  ) 


For values of o¢ less than 45 deg. 


__ 16,000 Av (sin « -+cos <) 


selects (11) 
; b (v—40) 
in which 

o  =angle between shear reinforcement and longitudinal tension 
reinforcement. 

A, =area of shear reinforcement in any one plane where spacing 
is desired. 

v =unit shearing stress on section. 


32. Where both bent up bars and stirrups are used in conjunction for 
web reinforcement, the spacing S, of points of bending up of longitudinal 
bars shall be determined by moment requirements. The unit shear valuev , 
of these bars shall be determined by the formulas: For values of o¢ from 
45 deg. to 90 deg.: 


95 = E18 000 A oh ae eee ae ete (12) 


bs; sin o« 


and for values of o¢ less than 45 deg. 


ov, —_16,000 A, (sin < —cos x) (13) 


bs 


(F) Flat Slabs. 


33. Flat slab floors shall be designed according to the methods for 
flat slab design provided in the recommendations of the Joint Committee 
on Concrete and Reinforced Concrete. 


(G) Columns. 


34, Reinforced-concrete columns shall be of the type known as tied 
columns and shall not have a ratio of length to diameter or least cross 
sectional dimension less than 25. The longitudinal reinforcement shall be 
not less than one-half of 1 per cent nor more than 3 per cent of the column. 
The lateral type shall be not less than 14 in. in diameter and spaced not 
more than 8 in. apart. 

35. The carrying capacity of tied columns shall be determined by the 
following formula: 


P= 400 (A, +n 7 ie Ini DON GAC (14) 


* Based on cylinder strength of concrete of 2,000 Ib. per square inch. 
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(H) Piers and Pilasters. 


36. Where the height of piers between lateral supports exceeds five 
times the least lateral dimension, the maximum allowable working stress 
shall be the reduced allowable unit stress obtained by the use of the 
following formula: 


; L 
f’ equals f (1.25 — 20D?) aWoUGEonUaDS 


Where 
is the reduced allowable unit stress in pounds per square inch..- 


fe 

f is the allowable unit stress given for concrete block masonry. 
Lis the height of the pier in feet. 

Dis the least horizontal dimension in feet. 


(I) Walls and Piers. 


37. Monolithic concrete construction containing not more than 0.2 
reinforcement so placed as to reinforce the structure against stresses result- 
ing from temperature changes only shall be classed as plain concrete con- 
struction. 


*38. All parts of monolithic supporting walls shall be reinforced at 
floor and roof connections and at places subject to concentrated loads, so 
as to resist lateral forces and to distribute the loads to all parts of the 
supporting walls. ; 


39. Solid bearing walls of cast-in-place concrete need not be reinforced 
except as herein required. 


40. Where reinforcement is provided to assist in carrying loads and 
resisting stresses, the thickness of bearing walls of cast-in-place concrete 
construction may be less than as set forth for bearing walls, provided they 
shall be designed and constructed so as to carry all loads and resist all 
forces without exceeding the unit working stresses prescribed by the Report 
of the Joint Committee or prescribed by this standard as the conditions 
require. 

41. Large precast units for construction of concrete dwelling houses 
shall be reinforced where necessary to prevent breakage in handling and 
erection. 


42. All detail connections shall be of sufficient size and adequately re- 
inforced to transmit all vertical and lateral forces. 


43. Reinforcement, in each unit shall be extended in such a manner 
that it may be hooked, looped or otherwise rigidly fastened to the rein- 
forcement in contiguous units, in such a manner that the resulting struc- 
ture will carry loads and resist stresses as a unit. 


44, Dwelling houses constructed with structural framework support- 
ing floors, roofs and enclosing walls shall be designed in accordance with 
accepted principles of engineering analysis and shall be of sufficient 
strength and rigidity to carry all loads and resist all lateral forces. 
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45. Design computations and methods of construction not provided for 
herein, shall conform to the requirements of the Report of the Joint Com- 
mittee on Concrete and Reinforced Concrete. 


46. The number of stories in dwelling houses having concrete masonry 
walls of the minimum thicknesses herein permitted is limited only by the 
permissible height of the walls. 


47. Unless otherwise provided herein, the height of any wall built of 
concrete masonry shall not exceed twenty times the thickness of such walls 
unless adequately braced by floors or roofs or by masonry piers or pilasters 
or buttresses or masonry cross-walls. 


48. The height of walls as herein regulated shall be measured from 
the top of the foundation wall or from a supporting girder or from the 
foundation supports or other immediate support to the top of the wall 
under consideration. 


49. Foundation walls built of concrete masonry units shall be at 
least as thick as the walls, piers, pilasters and buttresses that they sup- 
port, except that walls required to be in excess of eight inches in thickfess 
may be not less than eight inches in thickness above the slope of base- 
ment stairs for a distance of not to exceed ten feet horizontal provided the 
walls above are properly supported. 


50. Where concrete masonry foundation walls serve as cellar or base- 
ment*enclosing walls supporting not to exceed five feet of earth pressures, 
the minimum allowable thickness shall be eight inches. Where they serve 
as cellar or basement enclosing walls supporting earth pressures in excess 
of five feet in height, the thickness of these walls shall be increased as 
required for the height of the slope and the nature of the earth supported. 


51. Where concrete masonry foundation walls serve as cellar or base- 
ment walls, (enclosing or otherwise) and do not resist earth pressures, 
they shall be at least as thick as the walls they support provided the clear 
story height of the cellar or basement does not exceed 9 ft. Where the 
clear story height of the cellar or basement exceeds 9 ft., these walls shall 
be at least 2 in. thicker than the walls, piers, pilasters or buttresses they 
support, 


52. For walls more than 35 ft. in height, the minimum allowable 
thickness shall be 8 in. for the uppermost 14 ft. of the wall when reinforced 
by buttresses, pilasters, or masonry cross walls, or stud cross walls securely 
anchored, all of which reinforcements shall be not more than twenty feet 
apart, and when not so reinforced, the minimum allowable thickness shall 
be twelve inches, and shall be: 

12 in. thick for the next lower 28 ft. of the wall, 
16 in. thick for the next lower 28 ft. of the wall. 


53. For walls not over 35 ft. in height, the minimum allowable thick- 
ness shall be 8 in. for the uppermost 25 ft. in height of the wall when 
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reinforced by pilasters, buttresses, or masonry cross walls, or stud cross 
walls securely anchored, all of which reinforcements shall be not more 
than 25 ft. apart, and when not so reinforced the minimum allowable 
thickness shall be twelve inches, and shall be: 


12 in. thick for the next lower 15 ft. of the wall. 


54. The minimum allowable thickness of the walls may be eight inches 
for the full height of the wall if not exceeding a height of 25 ft. to the 
square of the roof, or 35 ft. to the peak of the gable, provided they are 
reinforced by buttresses, pilasters, masonry cross walls or stud cross walls 
securely anchored not farther apart than 25 ft. Buildings having mansard 
roofs are not to be taken as coming within the regulations of this para- 
graph. 

55. When the foregoing reinforcements are spaced closer together or 
further apart than 25 ft., the maximum allowable height to which the walls 
may be built shall be computed by the use of the following formula: 


i* equals by lal Agee da eee le NR (14) 
hy 


where: 


h? equals the maximum allowable height of the wall reinforced 
as required. 


h equals the height given in the foregoing. 
L equals the distance apart of the required reinforcements. 
56. Solid bearing walls of cast-in-place concrete may be two inches 
less in thickness than permitted for walls built of masonry units, but shall 
be not less than six inches in thickness. 


57. Hollow bearing walls of cast-in-place concrete shall have a total 
thickness of materials of the inner and outer walls at least as great as 
herein required for solid bearing walls. 


58. All changes in thicknesses of masonry walls may occur at the level 
of the floor nearest to the height specified except that on stair runs they 
may be carried to the underside of the stair flight above the height at 
which the thickness is required to change. 


IV. CONSTRUCTION. 


59. Hollow bearing walls of cast-in-place concrete construction shall 
have the inner and outer walls securely braced together by non-corroding 
wires spaced not farther apart than twelve inches vertically and fifteen 
inches -horizontally and properly embedded in the concrete and hooked at 
the ends. Other methods of bracing may be used provided they are suffi- 
ciently strong to bring the walls into common action. 


60. Reinforcement shall be placed in both the inner and outer walls 
not less than No. 9 wire spaced not to exceed twelves inches vertically. 
Such reinforcement shall be placed at the mid-height of each succeeding 
horizontal course. Where the horizontal courses exceed twelve inches in 
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height the amount of reinforcement in each horizontal course shall be at 
least as great as here required per foot of height of walls. 


61. Reinforcement shall also be placed in the walls over all openings 
sufficient to carry all loads and prevent cracking but not less than two- 
tenths of one per cent based upon one foot in vertical height of the wall. 


62. All concrete masonry units shall be laid in portland cement mor- 
tar consisting of one part portland cement, to not more than three parts 
by measure of fine aggregate. 


63. All masonry units shall be laid with the vertical joints broken, 
and with all courses thoroughly bonded in the proper manner for the kind 
of unit used. All masonry facing or backing made of concrete masonry 
units shall be bonded to the masonry backing or facing of other masonry 
units with masonry bond in the proper manner for the kind of masonry 
units used, (the use of wall ties shall not be considered as sufficient bond- 


ing where the masonry facing is to be counted in the thickness of the wall, 
pier or pilaster). 


64. Whenever the concrete masonry units are to be covered with stucco 
or plaster, the surfaces to receive the stucco or plaster shall be treated 
so as to insure the dependable attachment of the stucco or plaster. 


65. All bearings on concrete masonry units shall be not less than four 
inches. Where vertical cell construction is used, the load shall be dis- 
tributed by means of metal or masonry bearing plates of sufficient thick- 
ness to distribute the imposed load or the supporting course shall be filled 
with concrete, or other equivalent method of construction shall be used. 


66. Wherever a change occurs in the thickness of walls, piers and 
pilasters made of concrete masonry units, the units shall be laid with a 
sufficient masonry bond at the top of the thicker section, and for hollow 
units laid with the cells vertically unless the longitudinal and cross walls 
of the units are properly superimposed the bearing loads shall be dis- 
tributed upon the wall below by means of masonry or metal bearing loads, 
or the supporting course made of solid units, or solidly filled with con- 
crete, or other equivalent method of construction may be used. 


67. No wood shall be built into or made a part of any bearing wall 
made of concrete masonry units except for joist or beam bearing blocks or 
nailing strips not over 1 in. in width by the thickness of the mortar joint, 
provided, however, that wood bearing plates may be built into such walls 
for the purpose of supporting the roof rafters or ceiling joists when the 


distance from the same to the top of the masonry walls does not exceed 
3 feet. 


68. All concrete masonry foundation walls of hollow units shall be 
thoroughly waterproofed on the outside or else made of waterproofed units 
and laid in waterproof mortar, or else the excess ground water shall be 
carried away from the foundation walls by drains. 
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V. HoLiow or Sorin Concretr BLocks or TILE FOR MASONRY PIERS 
AND LOAD BEARING AND EXTERIOR WALLS. 


69. Hollow or solid concrete block or tile used for masonry piers and 
load-bearing and exterior walls shall be made of portland cement and fine 
and coarse aggregate meeting the requirements of II]. MATERIALS, and must 
be sound, well seasoned and of a good merchantable quality. 


(A) Approval and Rejection. 


70. All units of each make or brand of concrete block or tile used for 
masonry piers and load-bearing and exterior walls must be marked or 
branded. All such marks or brands.together with test reports thereon as 
herein required must be kept on record by the official having jurisdiction. 
Application must be made and approval issued for each such make or 
brand before same may be used in building construction. 


71. Whenever in the opinion of the official having jurisdiction, con- 
crete block does not conform to the requirements herein contained, he shall 
have the power to require tests to be conducted as herein provided. Con- 
erete block which does not conform to the requirements herein contained 
shall not be used in building construction, 


(B) Manufacture. 


72. Materials for concrete blocks or tile used for the foregoing pur- 
poses shall be proportioned so as to obtain the maximum strength. Con- 
crete for this purpose shall be mixed in the proportion of one part of 
cement to not more than seven and one-half parts of fine and coarse aggre- 
gate, measured separately by volumes. 


73. Hydrated lime or well slaked lime putty may be added to the 
foregoing mixture in the proportion of not more than fifteen per cent of the 
cement used measured by volumes. 


(C) Individual Test Requirements. 


74, The ultimate compressive strength in pounds per square inch of 
gross area of individual blocks or tile used for the purpose of masonry 
piers and interior and exterior load-bearing walls shall be not less than 
the following: ‘ 


Ultimate Compressive Strength 


Average of Three Minimum for Indi- 


Tests vidual Tests 
Hollow block or tile’.......-. 700 600 
Solid ublockarentienine orcs eels 1000 900 


(D) Test Requirements for Built-up Units, 


p- 


General. 


Branding. 


Tests: When 
Required. 


Proportioning. 


Hydrated Lime. 


Strength Tests. 


Strength Tests. 


Exposed to 
Weather. 


Not Exposed to 
Weather. 
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75. The ultimate compressive strength in pounds per square inch of 
gross area of built-up units of concrete blocks or tile used for the purposes 
of masonry piers and interior and exterior load-bearing walls shall be not 
less than sixty-five per cent. of the ultimate compressive strength of gross 
area of the individual units. 


(E) Absorption Tests. 


76. When one or more faces of the concrete blocks are exposed to the 
weather, the average absorption of fire test samples of such concrete blocks, 
when dried to constant weight at a temperature of 212 to 250 deg. F., and 
then placed in clean water at approximately 70 degrees temperature for 
a period of 24 hours, removed and the surplus water wiped off, and the 
sample re-weighed, shall not exceed those given in the following tables: 

Approvals shall be based upon one or the other or a combination of 
the following standards: : 


When the whole block is immersed and 
when the concrete used in the block 


weighs 140 or more pounds per cubic 10 per cent of the dry 
Eb, sin isats te bierege Are ehs iene ae eee ces eee weight of the block. 
The per cent shall be 140 
When the whole block is immersed and multiplied by 10, and di- 
when the block weighs less than 140 vided by the dry unit weight 
pounds, per, cubic: ttaee mee te eee of the concrete. 


When the block is placed in water in 
such a manner that the weather face is 
fully submerged to a depth of one-half 3 per cent of the dry weight 
OLSONG INCH Fo asa sega cere of the block. 


77. When the blocks are not exposed to the weather and when the 
blocks will be covered on the weather face with stucco, the absorption tests 
are not required. 


DISCUSSION. 


Epwarp Goprrey (By Letter)—This report, purporting to follow the mr. Godfrey. 
Joint Committee report, falls short of its requirements in the most vital 
element of any framed structure, namely, the columns. The Joint Com- 
mittee gives some recognition to the fact that a long column is weaker 
and less reliable than a short column. The report of Committee S-5 allows 
the same unit stress on columns up to 25 diameters. This is something 
like 33 per cent more load than the Joint Committee would allow at 
this ratio. 

No engineer, either inside or outside of the Joint Committee, has ever 
come out with a reasonable defense of the rodded column (called tied col- 
umn by Committee S-5). A column of 25 diameters, as allowed by Com- 
mittee S-5, if loaded to its capacity, would be exceedingly dangerous in 
a building. To visualize this, imagine a column 6 in. square and 12% ft. 
high, loaded to 16,000 lb. With a 2x4-in timber as a ram one could 
doubtless bring down this column with a well-directed blow, and the whole 
building with it, if the concrete were perfect. If the concrete were not 
perfect, it would not be necessary to use the timber. This is the way 
more than a score of buildings have collapsed. 

The allowances for shear reinforcement in this report are the three 
standards of all standard works and specifications, and no man has arisen 
who can stand up and defend any one of these standards. Not one of 
these standards requires a rod or wire of any kind whatever reaching to 
the support, where all shear must be carried. The beams of these stand- 
ards are self-contained. Any one of them can fall away from the supports 
without disturbing or even stressing the so-called shear reinforcement. 
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W. A. SLatTer.—I think there is an inconsistency between two sections 
here which ought to be pointed out. In Sec. II, 2, we have the state- 
ment, “the use of aggregates in meeting the requirements of this chapter 
is subject to the results of tests made at a testing laboratory of recog- 
nized standing, showing that the aggregates proposed for use will give a 
strength factor of safety of 5 on compressive speciments at 28 days.” Then 
in Sec. III, 15, among the unit stresses given are, extreme fiber stress 
in flexure, 650 Ib. per square inch, and 700 Ib. per square inch for two 
different cases, both with concrete having a strength of 2,000 Ib. per sq. in. 
The comparison I wish to make is of those working stresses with the re- 
quirement of a factor of safety of 5 on compressive specimens. The section 
on aggregates does not say that the mix used in these specimens is to be 
the same as those in the concrete used for the structure. If they are not, 
I do not see that Sec. 2 would have any point; therefore I assume that 
the mixture would be the same. If the mix is.the same and you allow a 
working stress of 700 Ib. per square inch on 2,000-lb. concrete, you cer- 
tainly should hardly expect a factor of safety of 5 on those working 
stresses when you test the cylinders. Five times 700 would be 3,500 Ib. 
per square inch that you would expect the concrete to carry in order to be 
used in these specifications. 

Again, in III, 21, the requirement is made that “The width of the 
flange shall not be taken greater than three times the thickness of the web 
or slab and not greater than two-thirds of the spacing of beams.” I 
merely call attention to the fact that that is a pretty severe specification; 
it does not allow as much effective width there as almost every other speci- 
fication in the country now permits, and tests have justified the present 
specification, so I believe that that is rather more conservative than is 
necessary. 

In IIT, 32, in the specification for web reinforcement, no upper limit 
is given to the spacing of the stirrups. The formula for the spacing of 
stirrups is given in terms of their sectional area, but there is nothing 
here, so far as I have been able to find, that would prevent putting the 
stirrups two or three times the depth of the beam apart. I do not imagine 
many designers would try to do that, but certainly there is an upper limit 
beyond which we should not go, and it seems to me that such a limit 
should be stated in the specifications. 


A. C, Inw1n.—I am very glad Mr. Ferguson referred to the reason why 
this committee has not followed and probably will not follow exactly the 
recommendations of Committee E-1. Committee H-1 is evolving a set of 
design regulations that are complete and, in spite of what Mr. Godfrey 
says, give up-to-date and progressive methods of design. But Committee 
E-1 is preparing its building regulations for an entirely different animal 
than the committee on concrete houses is thinking about. This same ques- 
tion came before the convention last year and I found it necessary to 
make these same remarks, If they have to be repeated again, the objectors 
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have the blame upon their own heads. We are preparing a set of simple 
specifications or rules for the design of simple construction that goes into 
a dwelling house, not a factory, not a warehouse, not a loft building or 
office building or hotel, but a simple dwelling house, and in approaching 
that problem from the practical standpoint, you must always keep that 
point in view. That answers at once why the unit stresses are taken as 
lower than those recommended by the Joint Committee. It was done pur- 
posely, intentionally, nothing was forgotten. We believe that those are the 
unit stresses which should be used. If they need some revision, all right, 
the committee is perfectly willing to listen to any argument one way or 
the other, but the committee believes that in the hands of the men who 
for the next five or ten years will be building concrete houses, those are the 
unit stresses that should be used. 

The same thing applies to Mr. Slater’s objection to the width of the 
flange of the T-beam. It is conservative, admittedly; we want it so; that 
is why it was put there. In regard to the spacing of stirrups, the rules 
specifically call for the use of reinforcement against shear when the stress 
in the concrete exceeds 40 lb. Now that takes care of any situation so 
far as the spacing of stirrups is concerned. If the shear does not exceed 
40 lb., you put no stirrups in at all. Now, let us take up Mr. Hollister’s 
objection for a minute; he says there is no limitation on the size of col- 
umns. I wonder if he read this report? Sec. 34 says, “reinforced-concrete 
columns shall be of the type known as tied columns and shall not have a 
ratio of length to diameter or least cross sectional dimensions less than 
25.” That ties up the minimum size of the column. 


F. R. McMiLan.—This discussion has raised a point that comes up 
frequently—this matter of 650 or 800 lb. per square inch allowable stress. 
I wish someone would work out the relative cost of two dwelling houses, 
one in which the concrete was designed on the basis of 800 lb. per square 
inch and the other in which it was designed on the basis of 650 lb. per 
square inch. We have heard a great deal of criticism of the Joint Com- 
mittee specifications and other reports, much of which hinges upon matters 
that have no appreciable effect on the ultimate cost of buildings. The cost 
of building a dwelling house, for example, is as much the cost of plant 
operation or plumbing, as it is of the cost of structural materials. Adding 
a few yards of concrete to the building adds very little to the cost. I 
think we lose the proper perspective in a lot of these things. 


Pror. SLATER.—I am not quite satisfied with the statement regarding 
the spacing of stirrups. It has been stated that it is desirable to be con- 
servative; let us grant for the present that it is; I do not think that the 
specification really does limit the spacing of stirrups, and that is not a 
step in the direction of conservatism. The formula for the spacing has in 
it a term representing the sectional area of the stirrup, and all you have 
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to do to get a large spacing is to put in a large stirrup. You could put 
them as far apart as you wanted to, if you make your stirrup big enough, 
so far as the report is concerned. 

Then again, on the question of the disagreement between the two sec- 
tions first pointed out; granting for the present that it may be desirable 
to work to stresses as low as 650 and 700 Ib. per square inch in com- 
pression in the beam, I do not see yet that these working stresses based 
upon a concrete strength of 2,000 lb. per sq. in. have been reconciled with 
the requirement from laboratory tests of the concrete of 3,500 lb. per sq. in. 


REPORT OF COMMITTEE C-3 ON TREATMENT OF CONCRETE 
SURFACES. 


Your committee was instructed last year to report on the status of 
the old stucco specifications of 1914, 1915, 1919 and 1920, and the speci- 
fications for scrubbed concrete surfaces of 1911. In view of the fact that 
the existing Standard Recommended Practice for Portland Cement Stucco, 
A.C. I. adopted April 1, 1923 (C-3A-23) supersedes the old specifications, 
the latter are now obsolete and the committee recommends their with- 
drawal. 

The old specifications for scubbed concrete surfaces were reviewed, 
and their substance has been entirely embodied in the Revised Tentative 
Recommended Practice for Treatment of Exterior Surfaces of Industrial 
Reinforced-Concrete Buildings. The old specifications are therefore obsolete 
and the committee recommends their withdrawal. 

The committee also presents a brief report from its Subcommittee I 
on Stucco, a report from its Subcommittee IV on Interiors of Buildings, 
and a revision of the Tentative Standard Recommended Practice for Treat- 
ment of Exterior Surfaces of Industrial Reinforced-Concrete Buildings, 
with a recommendation that the latter be adopted as a tentative standard 
pending its final revision. 


REPORT OF SUBCOMMITTEE I ON STUCCO. 


It has been suggested that Paragraph 10 in the Standard Recom- 
mended Practice for Portland Cement Stucco give some broader expression 
as to the size of opening in expanded metal or wire lath and wire fabrics. 
The present recommendations call for expanded metal lath weighing at 
least 3.4 lb. per square yard, or wire lath not lighter than 19 gauge. 
No consideration is given to the size of mesh opening in expanded metal 
lath, whereas in the case of wire lath, 214 meshes per inch are called for. 
There is some evidence that forms of lath or fabric having wider open- 
ings may have certain distinct advantages, and the committee feels that 
a requirement for larger openings up to a maximum of 2 in., for example, 
might be introduced in certain types of construction with beneficial. results. 

The following proposed changes in the Standard Recommended Practice 
for Portland Cement Stucco (C-3A-23) are submitted for consideration : 


III. DEsien. 


A. Par. 11.—Remove second sentence beginning “Tile should be set in 
cement mortar composed of,” ete... . to bottom of section and insert as 


a separate sub-paragraph. 
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A. Par. 12.—Insert after the word “mortar” in the second sentence of 
the paragraph, the words “see Paragraph 11” in parentheses. 


A. Par. 14.—Same change as for Paragraph 12. 


IV. CONSTRUCTION. 
A. Par. 20.—Change 20 (b) to 20 (c) and insert new 20 (b) as 
follows: 


“(b) Wire Lath. Lath should be put up with ribs at right angles to 
the timbers. Use 11%4-in. No. 11 slating nails or 114-in. galvanized staples. 
A nail or staple should be driven in at the intersection of each rib and 
timber.” 


In the notes applying to Paragraph 20 on page 13 on the recom- 
mended practice the following paragraph is proposed for insertion: 

The committee recognizes that ‘Several varieties of steel fabric are 
on the market and have been extensively used with satisfactory results. 
Whenever they are used, the manufacturers’ recommendations should be 
followed.” 


B. Par. 30 (d).—Change first sentence to read “In back-plastered con- 
struction the backing coat should be applied after the scratch coat has 
hardened.” 

J. E. FREEMAN, Chairman. 


REPORT OF SUB-COMMITTEE IV, ON INTERIORS OF BUILDINGS. 
I. OTHER AMERICAN CoNncRETE InstrI~uTE STANDARDS APPLI- 
CABLE TO INTERIOR SURFACES. 
A. POINTING AND SMOOTHING. 


“Tentative Standard Recommended Practice for Treatment of 
Exterior Surfaces of, Industrial Reinforced Concrete Buildings.” 
A.C.I. Vol. XIX, 1923, IITA. Also 1925 Revisions. 


B. CEMENT WASHES. 
Same, II C (a). 
C. RUBBED FINISHES. 
Same, II D. 
D. TOOLED FINISHES. 
Same, IT E. 
BH. PORTLAND CEMENT PLASTER. 


“Standard Recommended Practice for Portland Cement Stucco.” 
A.C. I. Vol. XIX, 1928, ITI, Par. 13. 
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II. RECOMMENDED PRACTICE FOR TREATMENT OF INTERIOR CON- 
CRETE SURFACES. 


A. PLASTERING. 
GENERAL R®QUIREMENTS. 


Preparation of Surfaces—All concrete surfaces upon which plaster 
is to be applied directly to the concrete should be cleaned and roughened, 
wherever necessary, by hacking, wire brushing or other effective means, 
so as to insure a good mechanical bond for the plaster. The surface of 
the conerete should be free from laitance, dust, dirt, grease and loose 
particles. Just prior to plastering, the surface should be wetted to such 
a degree that water will not be rapidly absorbed from the plaster, but 
not to such a degree that water will remain standing on the surface when 
the plaster is applied. 


Grounds.—Ground strips or spot grounds should be used for all plas- 
tering. Ground strips may be used where the wood trim will cover them, 
otherwise spot grounds should be used. Door bucks and window frames 
may be used as ground strips if of the proper thickness and location. the 
grounds should be 4 in. thick for ceiling work, % in. thick for walls, and 
25/32 in. where furring is used. 


Use of Furring.—All surfaces of concrete, the opposite side of which 
is exposed to the weather should preferably be furred for the best grade 
of plastering, except in localities where the climate is both dry and 
warm. All furred surfaces should be three-coat work. 


Waterproof Coatings—Waterproof coatings which are especially de 
signed to provide an adequate key for the plaster and properly seal the 
surface may be used instead of furring for the medium grade of plastering. 


Surfaces below Grade.—Lime or cement plaster should be used on all 
surfaces below grade, which are not thoroughly waterproofed. 


Quicklime.—Quicklime should meet the requirements of the tentative 
specifications of the American Society for Testing Materials for quicklime 
for structural purposes, A. S.T.M. Serial Designation C5-24T. 


Hydrated Lime.—Hydrated lime should meet the requirements of the 
Standard Specification of the American Society for Testing Materials for 
hydrated lime for structural purposes, (C6-24). 

Gypsum for Scratch and Brown Coats should meet the requirements 
of Section II, Gypsum Neat Plaster, of the A.S.T.M. standard specifica 
tion for gypsum plasters, Serial Designation C28-21. 

Gypsum for Finish Coat should meet the requirements of Section IV, 
Calcined Gypsum for, Finish Coat, of the A.S. T. M. Standard Specification 
for Gypsum Plasters Serial Designation C28-21. 


Surface 
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Sand for all plaster should approach as closely as practicable to the 
composition and grading given in the A.S.T.M. tentative specification 
for gypsum plastering sand, (C35-24T). 


Water should be sufficiently free from salts and organic matter to be 
considered potable. 


Hair or Fibre should be reasonably free from dust and from balls or 
knots of hair or fibre. The individual hairs or fibres should be from % 
to 2 in. long. 


PREPARATION OF MATERIALS. 


Quicklime should be slaked immediately upon receipt with enough 
water to make a cream. This should be passed through a No. 10 sieve and 
stored, with reasonable care to prevent excessive evaporation of water, 
for at least two weeks prior to use. If the lime is to be used for scratch 
or brown coat, the sand should be added to the cream of lime immediately 
after it is run through the sieve. The hair should not be added until the 
putty has become cold. 


Finishing Hydrate for finish coat should be mixed with water to form 
a putty and stored, with reasonable care to prevent excessive evaporation 
of the water, for at least 24 hours prior to use. 


PROPORTIONS AND APPLICATION OF PLASTERS. 


Lime or Gypsum Plaster Directly on Walls.—This should be two-coat 
work with 5%-in. grounds. The two coats should be the brown and finish 
coat; the finish coat may be either white or sanded as specified. 


Lime or Gypsum Plaster on Ceilings——This should be two-coat work 
with %4-in. grounds. The two coats should be the scratch and finish coats; 
the finish coat may be either white or sanded as specified. 


Lime Scratch Coat.—The scratch coat should be composed of one vol- 
ume of lime putty (made from either quicklime or hydrated lime) and two 
volumes of sand, with one bushel of hair per cubic yard of sand. If quick- 
lime is used, it should be slaked and mixed as specified under the “Prepara- 
tion of Materials.” With hydrated lime, the ingredients should be mixed 
first dry and again wet. In either case, the wet mixture should be stored 
as long as possible without permitting it to dry out, and should be retem- 
pered prior to use. Apply this plaster to the prepared concrete surface, 
using sufficient pressure to force the plaster into the interstices of the 
roughened concrete. Build this coat out to the grounds and rod, darby 
and float it to a true even surface with sharp, straight corners and angles. 
Let this set until practically air dry, and apply the finish coat directly to 
the surface of this scratch coat. 


Lime Brown Ooat.—The brown coat should be composed of one volume 
of lime putty (made from either quicklime or hydrated lime) and three 
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volumes of sand. If quicklime is used it should be slaked and mixed as 
specified under “Preparation of Materials.” With hydrated lime, the in- 
gredients should be mixed first dry and again wet. In either case, the wet 
mixture should be stored as long as possible without permitting it to dry 
out and should be retempered prior to use. Apply this plaster to the pre- 
pared concrete surface, using sufficient pressure to force the plaster into the 
interstices of the roughened concrete. Build this coat out to the grounds 
and rod, darby and float it to a true, even surface with sharp, straight 
corners and angles. This coat shall be well worked, but the surface left 
sufficiently rough to provide a good bond for the finish coat. Let set until 
practically air dry. 


Lime White Finish Coat—The white finish coat should be composed 
of two volumes of lime putty (made from either quicklime or finishing 
hydrated lime) to one volume of calcined gypsum. The putty should be 
prepared as directed for quicklime or for hydrated lime. A small amount 
of the putty is circled out on a board, some water is put into the circle 
and calcined gypsum 


The whole is then mixed with a trowel, adding more water if necessary. 
Do not mix at one time more material than can be used in thirty minutes. 
Do not retemper this mixture, but start each batch with clean board and 
tools. Apply this plaster in a thin layer over the base coat. Watch care- 
fully for the disappearance of the glaze, the surface becoming slightly dull. 
When this occurs, immediately trowel down to a smooth true finish, using 
considerable pressure on the trowel, and brushing the surface with water 
if necessary. This coat should be ag thin as possible without permitting 
the base coat to show through. It should be smooth, true and free from 
trowel marks or blotches. 


Lime-Sond Fimish Coat.—The sand-finish coat should be composed of 
one volume of lime putty to two volumes of sand. The putty should be 
prepared as directed for quicklime or for hydrated lime. The color of the 
sand should be as approved by the purchaser. Just before application, 
one-eighth volume of calcined gypsum should be mixed thoroughly with 
each batch of lime and sand, adding more water if necessary. Do not mix 
at one time more material than can be used in thirty minutes. Do not 
retemper this mixture but start each batch with a clean box and tools. 
Apply this plaster in a thin even layer over the base coat. When partially 
set finish with a cork or felt float to an even uniformly granular surface. 


Gypsum Scratch Coat.—The scratch coat should be composed of one 
volume of neat gypsum plaster and two volumes of sand, with one bushel 
of hair per cubic yard of sand. The gypsum plaster should be retarded 
to set in not less than 14% nor more than 7 hours when mixed with the 
above proportions of the sand, hair and water with which it is to be used. 
The ingredients showld be mixed first dry and again wet in batches of such 
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size that the entire batch can be used within 1144 hours. Do not retemper 
this mixture, but start each batch with a clean box and tools. Apply this 
plaster to the prepared concrete surface using sufficient pressure to force 
the plaster into the interstices of the roughened concrete. Build this coat 
out to the grounds and rod, darby and float it to a true even surface with 
sharp, straight corners and angles. Let this set until practically air dry 
and apply the finish coat directly to the surface of this scratch coat. Dur- 
ing the setting, the plaster should be protected from drafts, so that it will 
set without drying too much. 


Gypsum Gypsum Brown Coat.—The brown coat should be composed of one 

Brown Coat. volume of neat gypsum plaster to three volumes of sand. The gypsum 
plaster should be retarded to set in not less than 2 nor more than 6 hours 
when mixed with the above proportion of the sand and water with which 
it is to be used. The ingredients should be mixed first dry and then wet 
in batches of such size that the entire batch can be used within 2 hours. 
Do not retemper this mixture, but start éach batch with a clean box and 
tools. Apply this plaster to the prepared concrete surfaces with sufficient 
pressure to force the plaster into the interstices of the roughened concrete. 
Build this coat out to the grounds and rod, darby and float it to a true 
even surface with sharp straight corners and angles. This coat should 
be well worked, but the surface left sufficiently rough to provide a good 
bond for the finish coat. Let it set until practically air dry but protect 
it from drafts at first so that it will not dry out too much before it has 
set. 


Gypsum Finish Coat.—Should be the same as specified for the finish 
coats of lime plaster. 


B. OIL PAINTS. 


Surface Preparation of Surface——tf the surface is freshly made or contains 

Preparation. any substantial percentage of free lime, there should first be applied a 
neutralizing liquid made by dissolving 3 lb. of zine sulphate crystals in one 
gallon of water. This should be applied by a brush or spray. It will react 
with the free lime, forming neutral compounds (calcium sulphate and zinc 
hydrate) which will have no effect upon subsequently applied oil liquids. 
Allow a period of twenty-four hours or more for the thorough drying of 
the cement or concrete surface, before applying paint. This treatment 
should only be omitted when oils are used which are not affected by lime. 


Application Application of Paint.—The paint may be applied by brush or spray. 
of Paint. 7 “ ; O . 
Where a flat or matte surface paint for interior surfaces is desired, flat 
wall lithopone paints* should be used. Prepared mill whites of the gloss, 
egg-shell or flat type, are initially and more permanently white than ordi- 


nary exterior oil paints and should be used where high illumination is 
desired. 


*See Federal Specifications Board Specifications No. 2 
for Gloss Interior Lithopone Paints. Tt ENS oe 
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C. COLD WATER PAINTS, CALCIMINE AND WHITEWASH. 


Form Greasing.—Any excess of form oil or grease will cause improper 
bonding of water paints to concrete, and may cause stains to appear on 
the surface. On forms for such surfaces, form oil or grease should be used 
sparingly; soft soap is desirable in place of oil or grease. The lubricant 
should be applied in a thin uniform coat. 


Preparation of the Surface.—Since the same smoothness of surface will 
be apparent before and after applying water paints, all roughness, board 
marks and honeycombing which are not desired in the finished surface must 
be obliterated before paint is applied. See directions for “Pointing and 
Smoothing,” “Tentative Standard Recommended Practice for Treatment of 
Exterior Surfaces,’ A. C.I., Vol. XIX. 


Application of Paimt——The paint may be applied by brush or by 
spray. The porosity of the surface will determine the amount of paint 
to be used on a given area; if the absorption is sufficiently rapid to cause 
excessive thickening of the paint film, the wall should be dampened with 
a light spray of water before the paint is applied, or the paint should be 
given to the wide variation in their covering capacity, hiding power, and 
durability. Water paints, because of their glue or casein binders, are sub- 
ject to mildew growth in damp places. Moreover, they are not washable. 
For these reasons, oil and varnish paints should be used whenever these 
features are objectionable. 


Wihitewashes for Use on Interior Concrete Surfaces.—Whitewashes, 
for which formulas are here given, must be applied thin. In fact, best 
results will be secured if the application is so thin that the surface to 
which it is applied may be easily seen through the film while it is wet. 
The coating will dry opaque, however, and the thin coat will give better 
results than a thick one. These cold water preparations can be applied 
easily and satisfactorily with a large brush, a high-grade brush being pre- 
ferable. When using a brush, however, do not attempt to brush out the 
coating as is done with oil paint, but simply spread it on as evenly and 
quickly as possible. 

Any of the mixes can be applied with a pressure spray pump or with 
a paint gun with entire success. 

If it is possible to allow the paste or cream made from either quick- 
lime or hydrated lime and water to stand and soak for some time before 
use (stirring occasionally), the results will more than compensate for the 
time. The wash will work more easily and will also be more durable. 

A point which must be remembered when preparing lime paints is 
that casein or glue solutions must be cold when mixed with the lime paste, 
which also must be cold. Heating of casein or glue paints causes the 
separation of an insoluble lime soap, thus making the mixture unfit for 
use. When adding formaldehyde to any mix special care should be taken 
to see that the mix is cold. It must be added very slowly and the mixture 
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stirred vigorously all the time. If the formaldehyde is added too rapidly, 
or if the mix is not well stirred, there is danger that the casein or glue 
in the mix will form a jelly-like mass which cannot be brought back into 
solution, and the batch will be spoiled. <A little care, however, is all that 
is required for perfect success. 


I. Where the best possible mixture for any class of work is desired, 
the following formula is recommended : 


Soak 10 Ibs. of casein in about 4 gal. of water (preferably hot) until 
thoroughly softened (about 2 hours). Disolve 6 lb. of trisodium phosphate 
in about 2 gal. of water and add this solution to the casein. Allow this 
mixture to dissolve. Make a thick, smooth cream of 25 lb. of whiting and 
50 lb. (1 sack) of hydrated lime, with about 7 gal. of water, stirring 
vigorously. When the two mixtures are cold, slowly add casein-phosphate 
solution to the lime paste, stirring constantly. To this mixture just before 
use slowly add 5 pt. of formaldehyde dissolved in about 3 gal. of cold 
water, stirring constantly and vigorously. The cold lime paste resulting 
from the careful slaking and screening of 38 Ib. (1%4 bu.) of quicklime may 
be used instead of the hydrated lime if desired. 


Caution.—Do not make up more of this formula than can be used in 
one day. 
Nore.—Borax may be substituted for the trisodium phosphate 
if the latter is not available. The mixes are not quite as durable 
and weather resistant as those containing the trisodium phosphate, 
but will give satisfaction, however, in most cases. 


If. If the surface will be continuously dry, the following non-rubbing 
formula will be found very satisfactory. 

Dissolve 3 lb. of glue in about 2 gal. of water. Make thick cream 
of 50 Ib. (1 sack) of hydrated lime and about 7 gal. of water or carefully 
slake 38 Ib. (1% bu.) of quicklime, straining the soft paste through a fine 
screen. Add the glue solution to the lime, stirring constantly. Thin to 
desired consistency. 


Til. Where an initial yellow tinge is not objectionable, the following 
formula may be used: 

Dissolve 12 Ib. of salt and 6 oz. of powdered alum in about 4 gal. of 
hot water. Add 1 qt. of molasses. Make a thick cream by thoroughly 
mixing 50 lb. (1 sack) of hydrated lime with about 7 gal. of hot water. 
Add the clear solution to the lime, stirring vigorously. Thin to desired 
consistency. 

In the foregoing formula, 38 Ib. (14 bu.) of fresh quicklime may be 
substituted for the hydrated lime. The quicklime must be carefully slaked 
and screened before use. 

The yellow tinge disappears within a few days, and a very white, 
durable coating results. This mixture is somewhat cheaper than the 
others. 
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JIT. Prostems Requirine FurrHER Discussion AND Srupy. 


While the foregoing recommendation for plastering on concrete sur- 
faces represents the best present-day practice, the committee feels that 
there is still considerable question about the adhesion of any kind of plaster 
to concrete. Since for the best grade of work the committee recommends 
furring for exterior walls, the principal problem is that of plastering 
ceilings without the use of furring. — 

It is apparent that further research on this problem is vital. 

Since the problem involves all kinds of plaster, whether applied di- 
rectly on concrete or upon some binding medium, it has been suggested 
that the following groups should be interested to the extent of co-operating 
in the study of the problem: 


Portland Cement Association. 
American Concrete Institute. 

The Gypsum Industries. 

National Lime Association. 
Manufacturers of Bonding Coatings. 


It is hoped that this question will be thoroughly discussed and a 
definite plan of action determined upon. 


H. WuHITTEMORE Brown, Chairman. 
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BUILDINGS. 


Submitted by Committee 0-3 on Treatment of Concrete Surfaces. 


(Revised 1925) 
ie 
SCOPE AND GENERAL REQUIREMENTS. 
Serial Designation C-3B-25 T. 


1. Scope.—This recommended practice is designated to outline approved 
methods of treating the exterior surfaces of concrete factories, warehouses, 
and other industrial buildings, in such manner as to produce pleasing and 
durable surfaces at costs which are not inconsistent with the occupancy and 
surroundings of such buildings, 


2. General Requirements.—The good exterior appearance of a concrete 
building depends fundamentally on care in the building of forms for the 
outside beams and columns. Boards used in column forms shall always 
run vertically, and in beams horizontally, and shall preferably be of even 
width in order that the board marks be continuous throughout the length 
of the column beam. Sound, clean lumber of sufficient strength shall be 
used, and the forms properly braced in order to insure straight and true 
general lines. The concrete shall be carefully proportioned, mixed, and 
placed in order to reduce to a minimum the need for pointing, patching 
and other corrective treatments. 


Nore.—Industrial buildings, as a rule, are located in districts 
where appearance is a matter of secondary importance. The cost 
of any surface treatment is, therefore, of prime importance, and 
circumstances are usually the governing factor in the selection 
of the type of finish. It is a fact, however, that a reasonable 
expenditure is justified in making the exterior of a building 
attractive to the public as an advertising feature, if for no other 
reason. Under any consideration all concrete structures should at 
least have all voids pointed, and exposed wires, nails and bolts 
removed or cut off so as to guard against disintegration from the 
action of the elements. From this required minimum one may go 
to the costly extremes of inlaid tiles or brick and stone veneers, but 
such treatments are to be considered from the architectural view- 
point, and are beyond the scope of this practice, which is limited 
to the treatment of the concrete itself as it comes from the forms. 
Due to the very nature of concrete, the forms are subject to a cer- 
tain amount of movement while being filled, no matter how careful 
the supervision or workmanship. It is, therefore, esential to guard 
in so far as possible against bulging and distortion of forms, as 
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no amount of work will correct the faulty appearance of a building 
unless the general lines are good. Also it is obvious that care in 
concreting will eliminate unnecessary expenses in finishing, and 
at the same time give better results. A reasonable amount of pre- 
caution to prevent the occurrence of conspicuous defects is better 
than the cure of stich defects afterwards. 


JI.—CLASSIFICATION OF SURFACE TREATMENTS. 


3. Classes of Treatments.—The surface treatments described herein are 
divided into the following five general classes: 


a. Pointing and Patching (minimum requirements). 

b. Correction of Column and Beam Lines, Fill Joints, etc. 
. Cement Washes and Proprietary Paints. 

d. Rubbed Finishes. 

e. Tooled Finishes. 


ie) 


The recommended methods for producing these finishes are given in 
detail in the following sections: 


A. POINTING AND PAaTcHING (MinIMUM REQUIREMENTS). 


4. Pointing and Patching.—All nails, wires, and bolts shall first be Pointing and 
removed or cut back to a depth of at least one inch from the surface of Patching: 
the concrete, so as to provide sufficient key for the pointing mortar, and 
to insure against water reaching any pieces of iron or steel and causing 
rust spots or spalling. Bolt holes shall be filled with corks or wooden 
plugs of %-in. greater diameter than the holes. The corks shall be driven 
into the holes until the head is one inch back from the surface. All de- 
fective places shall be thoroughly cleaned of dust, loose pieces, laitance 
and foreign particles (such as sawdust). The spot to be patched and the 
concrete immediately around it shall then be saturated with water. 


5. Mortar.—A mortar of one part cement and two parts of clean build- Mortar. 
ing sand shall then be forced into all parts of the cavity or defective spot, 
and the surface rubbed with a cork or wood float. Any mortar that may 
work out and lap over on the sound concrete shall be removed with a clean 
dry brush or piece of bagging. 


6. Large Patches.—lf large patches of considerable depth and area 
occur, the mortar shall be applied in two or more coats. Each undercoat 
shall be scored as in plaster work, but it is not necessary or desirable for 
each coat to become entirely dry before applying the next. 


”. Owring.—Patching should be avoided in hot sunshine or quick drying Curing. 
wind, unless it is feasible to protect the fresh mortar with wet burlap 
or canvas. 
Nore.—The pointing and patching treatment outlined above 


naturally leaves a somewhat spotty appearance, but after weather- 
ing for several months the entire surface will begin to assume a 
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fairly uniform color. A pointed place will usually show up as a 
dark spot on the body of the building unless the mortar used is 
somewhat lighter in color than the mortar used in the concrete. 
This can be corrected by using a little white cement or a light 
colored sand in the pointing mortar. It has become quite common 
practice to use a white beach sand, but the committee would 
always recommend a bank or dredged sand which has been screened 
through a sieve of 10 meshes per inch. Final rubbing of patches 
should be parallel to board marks of surrounding area so as to 
make patch as inconspicuous as possible. 

It is to be noted that the treatment prescribed in this section 
is that which is warranted entirely from the standpoint of utility, 
rather than from that of appearance. 


B. Correction or CoLUMN AND Bram Lines, Fini Jornrs, Ere. 


Correction 8. Correction of Lines ——This section is supplementary to Section A and 

of Lines. prescribes additional corrective treatment, but not to the extent of elimi- 
nating board marks or bringing the surface to uniform color. The surface 
shall first receive the pointing and patching treatment where required, as 
described in paragraphs 4 to 7 inclusive. 


Cutting to 9. Cutting to True Surface.—Nail head marks, fing and other small 

True Surface. rojections shall be removed. Beams which sag or bulge, and columns 
which are out of plumb shall be cut to line. Fill lines shall be dressed 
by thoroughly cleaning the joint and then applying mortar and finishing 
with cork or wood float, as described in paragraph 5. 


Nore.—Good judgment must be used in deciding how far the 
more expensive work of truing up bad lines should be carried, as 
considerable money may easily be spent without materially improv- 
ing the general appearance. 

It has been found that pounding with a flat-headed hammer 
will cause small projections to crumble down to the general level 
the surrounding surface. This method gives a better, quicker and 
cheaper results than cutting with a chisel, which may have to be 
used on projections of considerable size. 

When cleaning up and pointing around windows and miscel- 
Janeous iron particular care should be taken to cut clean sharp 
edges, and not allow a film of mortar to lap over on the steel, for 
this film will in time break away and leave a ragged edge, and may, 
in the case of windows, cause a leak. 

If a prominent board mark has been erased by the pointing, 
the patch will not be so noticeable in contrast to the body of the 
building if the mark is ruled in again. 

It is estimated that the treatment prescribed in sections A and 
B will require about one and one-half bags of cement per 1000 
sq. ft. of surface. The cost will average between 2 and 3¢ per 
square foot with cement masons at 75¢ per hour and labor at 40¢ 
per hour. The actual cost in specific cases may vary considerably 
from this estimate, according to the quality of the forms-work and 
the concreting. 


Protecting 10. Protecting Steel Near Surface-——Workmen ghall be instructed to 
Steel. watch for steel reinforcement. near the surface, and if this condition should 
be found special precautions shall be taken to protect such steel from rust. 


ReErort oF CommMirrer C-3. 567 


Norre.—When reinforcing steel in exterior members is not back 
at least one inch from the outside face of the concrete, moisture 
may work its way in causing it to rust. Eventually this rusting 
if continued will spall ef the concrete and cause an unsightly 
appearance and may even in severe cases affect the strength of 
the structure. Good design should never call for such sizes of 
hoops, spirals, stirrups, etc. as will necessitate steel within one 
inch of the surface, but sometimes due to careless placing the steel 
will be at or near the surface. All steel should preferably be 2 in. 
back from all exterior surfaces. 

To correct. this condition cut out the concrete around the steel 
on all sides and if the bar is of minor importance cut it off well 
back from the surface. When it is not advisable to cut out the 
steel the recess should be cut large enough so as to bend the steel 
back from the surface. 

If important and large bars should be encountered where it is 
not desirable or possible to either bend back or cut off the steel 
the bar should be painted with red lead and then wrapped loosely 
with No. 16 iron wire to insure a bond and the recess carefully 
pointed. 


C, CEMENT WASHES AND PROPRIETARY PAINTS. 
(A) CEMENT WASHES. 


11. Cement Wash.—Cement washes of practically any color from white 
or cream to cement gray can be prepared by varying the proportions of 
white or gray cement and light or dark sand. Before applying the wash, 
all pointing and patching should be completed as indicated in Sections A 
and B. 


12. Miatwre—A mixture of 1 part white cement and 1 part finely- 
screened yellow bank sand, with 5 per cent of hydrated lime (by volume 
of cement) will give a serviceable color just off the white, and will serve 
as an example of a typical dry mixture. 


18. Mixing—The cement, sand and lime in the desired proportions 
shall be thoroughly mixed in the dry state, the mixture shall then be 
slowly added to water, stirring vigorously until the consistency is that 
of a stiff oil paint. ‘The dry batch shall be large enough for a full day’s 
work, but only enough of the wash shall be prepared at least one hour. 
The wash shall be stirred before each application to the concrete surface, 
and when refilling the container all the old wash shall be cleaned out and 


discarded. 


14. Application.—The area to be coated shall first be thoroughly wet, 
and then a full brush coat of the wash applied. This coat shall be rubbed 
in with a cork float, the surface being sprinkled with a little additional 
water if necessary. The surface shall then be gone over with a clean, 
damp brush, brushing in the direction of the board marks, so as to remove 
all excess material, and the remaining coat shall be as thin as will permit 
the surface to be entirely covered. 
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15. Joinings.—In coating adjacent areas the brush marks shall be care- 
fully blended to avoid a line between the two areas. The sequence of the 
work shall be so planned that joinings occur at natural breaks in the 
surface. be 


16. Curing.—In warm or drying weather the finished surface shall be 
sprinkled with water once a day for three days, and in cool, damp weather 
shall be sprinkled at least once within 24 hours after finishing. 


Norre.—The sand must be dry before screening not only to 
facilitate the screening but also to avoid the possibility of moisture 
in the sand causing a set in the dry mix. Best results seem to be 
obtained with a sieve having 18 meshes per square inch. 

Whenever a cement wash is to be used, less attention need be 
given to the color and finish of patches as described in the note 
under Section A, since it is apparent that the applied coating will 
give the desired uniformity to the concrete surface. This coating 
should, however, be as thin as possible, for a thick coat will 
eventually craze and peel off. ~ 

A very fine appearance is obtained if the wash is rubbed in 
with a carborundum stone. This not only insures a better bond, 
by more positively forcing the material into the pores of the con- 
crete, but at the same time grinds down any slight projection, 
leaving a semi-rubbed surface. 

Sprinkling of the freshly coated surface is necessary, for if 
the wash dries before it has attained its set, it will dust off. A 
very practical way to sprinkle the surface is to make up two per- 
forated pieces of pipe about four feet long, on a “T,” and plug the 
ends. Then connect a hose to the leg of the “I” and lower the pipe 
down from the roof over the face of the columns and walls. Spray 
nozzles can also be used to advantage. The sprinkling must be 
gentle so as not to wash off the fresh coating. 

A very effective way of insuring the bond of the wash coat is 
to mix 10 per cent by volume, of a 40 per cent calcium chloride so- 
lution, with the gaging water. The calcium chloride attracts mois- 
ture from the air and keeps the wash coat damp for several days, 
thus insuring the set of the cement before it dries out. 

The cement wash will cost about 2¢ per square foot, and will 
require about one bag of cement per 1000 sq. ft. Adding the cost 
of the work specified under Sections A and B the total cost of this 
method of surface treatment would be about 5 cents per square foot 
with cement masons at 75¢ per hour and labor at 40¢ per hour, 
and the total material one and one-half bags of gray cement and 
one bag of white cement per 1000 sq. ft. 


(B) CEMENT PAINTS. 


17. Proprietary Coatings.—Whenever proprietary cement paints or 
coatings are to be used, the manufacturer’s directions shall be followed in 
their application. 


Note.—The committee recognizes that there are many paints 
and coatings for concrete on the market which have been widely 
used and have given satisfaction. It cannot, however, give its en- 
dorsement to particular proprietary materials, owing to its own 
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limited facilities for conducting the exposure tests and field inspec- 
tions upon which ratings should be based. 

It has been noted that oil paints at times have not proven 
satisfactory when applied in two coats. There seems to be just 
enough pull or tension in two coats to cause blisters. When speak- 
ing of two coats we do not consider the priming coat of zinc sul- 
phate which is recommended by some manufacturers as a neutral- 
izer for free lime that may be present. 

If concrete surfaces are allowed to weather several months 
before painting the carbonic acid gas in the air will tend to unite 
with the free alkali in the cement. This forms a neutral carbon- 
ate of lime which will not attack the oils in paint. 


D. RUBBED FINISHES. 


18. Kkubbed Finishes.——The rubbed finishes are obtained by grinding pubbea 
the surface with abrasive stones. The first rub shall be completed as soon Finishes. 
as the forms can be removed. Faces of columns, beams and walls shall be 
treated within three or four days. 


19. First Rub.—As soon as the forms are removed the surface shall First Rub. 
be thoroughly wetted and then rubbed with a No. 20 carborundum stone. 
The rubbing shall be continued until fins, board marks, nail bead marks, 
- and to a certain extent the irregularities between boards, are removed. 
The cement paste which works up in the rubbing process shall be removed 
by washing and brushing. 


20. Pointing.—Voids in the concrete shall be filled with a mortar Pointing. 
(usually 1:2) composed of finely screened aggregate of the same general 
description as that used in the concrete. This mortar shall be thoroughly 
worked into the face with the carborundum stone. 


Nore.—The best and most economical results are obtained 
by applying the first rub to the concrete while it is “green.” Fill- 
ing of the small voids with mortar as described in paragraph 20 
offers no difficulties, but the operator should be warned against 
leaving an appreciable thickness of mortar on the face of the con- 
crete to take up irregularities in the surface, unless special precau- 
tions are taken to insure the bond. Such precautions are particu- 
larly necessary when the surfacing is delayed until the concrete 
has hardened and dried out. 

If the concrete cannot be given the first rub when it is still 
“oreen,” board marks, nail-head marks, and small projections must 9 
first be removed as indicated in paragraph 9. After thorough wet- 
ting, the surface should receive the cement wash application as de- 
scribed in the first part of paragraph 14, in order to help the 
grinding action. (See also the second paragraph in the note 
following paragraph 16). The carborundum rub should then be 
given as prescribed above, being sure to remove all the cement 
wash by washing and brushing. 


21. Second Rub.—The second rub shall be given near the end of the Second Rub. 
work, when the building is ready to clean down and danger of staining 
from other work is past. The surface shall be thoroughly set and then 
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gone over with a No. 24 carborundum stone. The paste which is worked 
up shall be removed with a wet brush or clean bagging. When dry the 
finished surface will resemble limestone in color and texture. 


Norre.—When using the rubbing method described in this sec- 
tion it is essential that all patching, correction of lines, ete., be 
done before or during the first rub. When the second rub is per- 
formed nothing but the stone and plenty of water should be used. 
The irregularities of color or texture which are noticeable after 
the first rub need not be considered, as the second rub brings the 
surfaces to an almost uniform color. 

The cost of this process including miscellaneous pointing and 
first and second rub costs about six cents per square foot with 
masons at 75¢ per hour and labor at 40¢ per hour. 


I. TooLtrep FINISHES. 


22. General.—As here used “tooled finishes” includes all finishes in 
which the surfaces of the concrete is roughened or removed to expose the 
aggregate. Wire or fibre brushes, stone dressing tools, sand blast and 
rotary cutters may be used for this purpose. When any of these rough 
surface treatments are to be used great care shall be given to the proper 
layout of construction joints and fill lines, and plans showing the treated 
areas shall be issued before any concrete is placed. The work shall be 
planned to eliminate as many joints as possible, particularly horizontal 
fill lines. If the latter are unavoidable they shall be absolutely level. As 
this type of finish is usually carried out in panel effects great care shall 
be taken to lay out the exact lines and to cut clean and sharp at the edges. 
The borders of the panels and such other parts of the surface as are not 
roughened must receive the usual pointing as described in sections A and B 
and also one of the wash or rubbed finishes so as to balance with the tooled 
areas. 


23. Brushed Finishes——Immediately after removal of forms (usually 
18 hours after placing concrete) the concrete shall be scrubbed until the 
surface film is removed and the aggregate exposed to a uniform degree 
and then the surface shall be rinsed off with water and kept moist for 
several days. 


24. Pointing.—lf any pointing is required the defective spots shall be 
patched immediately after the scrubbing. After the patches have hardened 
(within 6 to 24 hours) they shall be scrubbed to the same texture as the 
general surface and rinsed clean and kept moist for several days. 


25. Hard Spots.—lf for any reason part of the forms are not removed 
before the concrete has become too hard for scrubbing, the hardeportion 
shall be treated with sand blast or tool dressing to a texture matching the 
scrubbed surface. After tool dressing, the surface shall be washed a 1 to 10 
solution of muriatic acid and water and then thoroughly rinsed with water 
to remove all traces of acid. 
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26. Tools.—For scrubbing the ordinary “green” surface, stiff fibre Tools. 


brushes and the use of plenty of water will be sufficient. If the surface is 
too hard wire brushes, followed by fibre brushes, may be used. 


27, Hammered Finishes.—Surfaces to be finished with a rough texture, 
such as bush hammering or crandalling, shall be at least two weeks old 
before treatment. The work may be done by mechanically operated tools, 
either air, or electricity, or by hand hammering. In general, the work 
on any one panel or area shall be done by the same operator so as to avoid 
differences in texture. After the coarse aggregate is exposed to a uniform 
degree the roughened surface shall be brushed with a fibre brush or washed 
with a hose stream to remove loose particles and dust. 


28. Pointing.—lf any pointing or filling of bolt holes is required on 
a hammered surface the tooling shall precede the patching. The patching 
shall be done by first pointing the spot and then embedding selected pieces 
of large aggregate in the mortar bed so as to match the surrounding tooled 
area. After the patches have thoroughly hardened they shall be carefully 
dressed. 


Norre.—In the committee’s opinion the effects that are possible 
by use of the various tooling treatments are the most pleasing of 
any, but at the same time are the most costly and difficult to do. 
These treatments must also be considered entirely from an aes- 
thetic viewpoint as they do not add to the weather-resisting quali- 
ties of the.concrete and, in fact, tend to its disintegration if the 
conerete is not of the very best. 

The success of tooling depends upon uniformity in the results 
obtained and therefore special attention is called to the importance 
of avoiding joints, fill lines, laitance and segregation of aggregate. 
Careful selection of the aggregate helps in obtaining the desired 
uniformity and if the aggregate be selected for color its exposure 
by tooling will introduce pleasing effects in color variation as well 
as in texture. 

The face forms for all exposed surfaces which are to be tooled 
shall be straight, smooth, evenly matched and watertight and 
should be so built that they can be removed without prying 
against, or jarring the concrete. The surface of the face forms 
should be coated with petroleum, or other water repellent to pre- 
vent adhesion of the concrete. 

The concrete should be thoroughly mixed, wet enough to flush 
and be spaded against the face form until the cement cream or 
grout is on the outside surface. The aggregate of the concrete 
near the face should then be spaded forward to the surface so as to 
obtain a uniform mixture at the face. The placing of concrete 
should be continuous throughout definite stages so that the joints 
between different day’s work appear, if possible, at some feature 
line, or at least be made truly straight and level. 


29. Chemical Process for Tooled Fimish.—Recently a product has been 
placed on the market which by its chemical action on concrete surfaces 
is designed to obtain results similar in appearance to a tooled finish. 
This material undoubtedly has merit, but the committee is not in a position 
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to at this time make any general statements regarding its use, or the re- 
sults which may be obtained, and recommends that where it is used the 
manufacturerer’s directions be followed. Owing to the fact that this 
process promises a comparatively cheap method of obtaining a tooled sur- 
face which compares favorably with the more expensive methods now 
prevalent, its use is certainly worth consideration, and it is hoped that 


the experiments now under way will be able to establish more definitely 
its value. 


DISCUSSION. 


Virci, L. JoHNSoN.—I have come here on a special mission to find 
out what has been done in regard to the adhesion of plaster to concrete. 
I merely noticed in the paper that it should be investigated. With archi- 
tects, this is an important question, for if we are having schools built of 
concrete and the plaster is liable to fall off, it becomes a question whether 
or not to eliminate concrete work in our schools. 

Millions of dollars worth of school buildings have been built in the 
last four years and to the cement industry it is an important item. Some- 
times it so happens that the girder which occurs in the ceilings sags in 
the center or side and the plasterer, in order to level up his work, will put 
on an inch and a half of plaster. Now there has been a case where plaster 
in large quantities has fallen off; this is dangerous to the children in the 
room. 


J. C. Pearson.—I think the condition the gentleman has mentioned 
has been recognized by everyone who is familiar with this sort of work. 
The difficulty of writing a specification for plaster so that it will adhere 
properly to concrete has certainly been demonstrated by the fact that you 
cannot get anybody to commit himself very definitely on what to do. The 
real value in this specification is that it embodies the best known practice 
at the present time—the committee is frank to say, however, that more 
work needs to be done. I think the recommendations which are here made 
probably give better assurance of plaster adhering to concrete surfaces, 
such as girders, ceilings or walls, than anything which has been published 
heretofore. 

E. Y. Bracger.—I have had experience in plastering portland cement 
stucco onto an impervious portland cement smooth face, and up to the 
present time none has fallen off. 

Mr. Jounson.—I want to add that there is no trouble whatever with 
the rusting of the suspended wire lath ceiling, as we have the lath thor- 
oughly coated with paint. The main trouble has been with the concrete 
girders—that is the adhesion of the plaster to the soffit of the girder. 


Joun G. AHLERS.—We had a meeting of Committee C-3 the other day, 
and Mr. Earley expressed an opinion in this meeting that the object of 
hair or fibers in plaster was just for the period during which the plaster 
was applied. There is no value to these materials after setting. I think 
the real way to make plaster adhere is to use successively leaner coats. 
Your richest coat the first coat, to give adhesion, the succeeding leaner 
coats will give spaces for expansion and contraction and prevent spalling. 
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Mr. Johnson. 


Mr. Pearson. 


Mr. Bragger. 


Mr. Johnson. 


Mr. Ahlers. 


REvORT OF CoMMITTEE C-5 ON MEASUREMENT OF AND 
ESTIMATING CONCRETE.* 


During the convention of the American Concrete Institute, held in 
Cincinnati, during January, 1923, it was recommended that a committee 
be appointed to revise the “Standard Methods for the Measurement of 
Concrete Work” (A. C. I. Proceedings, Vol. 9, 1913), or to formulate new 
rules to embody such changes in methods and construction as had taken 
place since that time. Committee C-5, as appointed, was made up of con- 
tractors, estimators, quantity surveyors, and those directly interested in a 
uniform method of measuring and estimating concrete work. 

In preparing the new rules, the committee decided to use the 1913 
standards as a basis, and to make such changes, revisions, and additions 
as were deemed necessary to conform to present day practice. 

The committee work was carried on largely by correspondence, and the 
general procedure was to place a copy of the previous report with each 
member to be studied and returned with such changes and recommenda- 
tions as were deemed necessary. These reports were then compared and 
corrected copies were mailed to members for further study. At the 1924 con- 
vention of the Institute, held in Chicago, the committee members present 
held several meetings to discuss these changes and make further revisions. 
A final committee meeting was held in New York, on Oct. 20, 1924, where 
final revisions were made, which were then submitted to all committee 
members and approved for final acceptance. 

Concrete work was divided into five main classifications, and each of 
these was further sub-divided for estimating purposes: 

1. Plain and reinforced structural concrete, such as is usually en- 
countered in the construction of buildings, bridges and other engineering 
projects. 

3. Structural precast concrete, including all concrete members which 
are cast on the ground and erected, rather than poured, in place. 

2. Sidewalks and driveways, including such drives and walks as are 
placed directly upon the ground. 

4. Cast ornamental concrete work, including all concrete work cast 
or completely manufactured in the shop, and sent to the job ready to be 
set in place 

5. Roads and pavements. 

When considering and formulating the new rules the committee had 
to bear in mind at all times that the rules should be thoroughly prac- 
tical if they were to be generally used, and classified in the same manner, 
and units as“the work is actually constructed on the job or in the field. 


*The report was adopted as a Tentative Standard. 
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They should be definite on all points, inasmuch as they are to be used 
by the estimator and contractor in computing the quantities and costs of 
new work, and for this reason should produce estimates that are as nearly 
accurate as is humanly possible to prepare. 

When used as a basis for unit price contracts, all chance of dispute 
should be eliminated by stating just what items shall make up each class 
of work, the method of measurement and the units generally used by the 
trade in present day practice. 

When used as a basis of extras and credits between architect or engi- 
neer and contractor, they shouid form a fair basis for arriving at both 
extras and credits. 

By estimating the work in practically the same units as the work is 
constructed on the job, it should enable the contractor to collect and com- 
pile costs in the same units in which the work is estimated. This would 
enable the contractor to compare estimated and actual costs during con- 
struction, which is important, if the contractor is to discover and rectify 
mistakes made in estimating. 

It was also deemed advisable, insofar as practical, to estimate the 
various classes of work in the same units in which the materials are gen- 
erally quoted and sold by the trade, viz., reinforcing steel by the ton, 
reinforcing mesh by the square foot, metal lath by the square yard, and 
concrete by the cubic yard rather than the cubic foot, inasmuch as prac- 
tically all published tables state the number of barrels of cement, the 
fractional parts of cubic yards of sand and gravel required for one cubic 
yard of concrete, and as cement is almost universally sold by the barrel 
and sand and gravel by the cubic yard. 

Problems of this kind, involving practically every material item and 
labor operation entering into the various classes of concrete work, were 
thoroughly discussed by the members attending the committee meetings, 
and inasmuch as they constituted the thought and general practice of 
many of the country’s largest contractors as well as a liberal representa- 
tion of the smaller ones, it is thought they express the views and opinions 
regarding the general practice of contractors in all parts of the country. 

In presenting these new rules, the committee feels they should meet 
the requirements of the industry until such time as further changes in 
methods and construction would warrant further revisions or additions. 


FRANK R, WALKER, Chairman 
W. F. Jewrick, Secretary. 
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TENTATIVE STANDARD SPECIFICATION ON MEASUREMENT OF AND 
EsTIMATING CONCRETE—STANDARD METHODS FOR THE 
MEASUREMENT OF CONCRETE WORK. 

As submitted by Committee O-5, 

Serial Designation C-5A-25 T. 

The following divisions are recognized as separate and distinct opera- 


tions in the construction of concrete work for which separate modes of 
measurement are necessary. 


I. Plain and Reinforced Structural Concrete: 


(a) Concrete 

) Forms 

c) Reinforcement 
) Surface Finish 
) Tile Fillers 


II. Sidewalks and Driveways. 


Ill. Structural Precast Concrete: 


(a) Concrete 
(b) Reinforcement 
(e) Erection 
IV. Cast Ornamental Concrete Work. 


V. Roads and Pavements: 


The folloWing general rules shall govern the measurement of the above 
items (with the exceptions where specifically noted) : 


(a) All work shall be measured net as fixed or placed in the struc- 
ture. 

(b) In no case shall non-existent material be measured to cover 
extra labor. 

(c) No allowance shall be made for waste, voids, or cutting, 


I. Pian anp REINFORCED STRUCTURAL CONCRETE. 
(a) Concrete. 


1. The unit of measure for all concrete shall be the cubic yard. 


2. All concrete shall be measured net as placed or poured in the 
structure, except as mentioned under Rule No. 4. 
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3. In no case shall an excess measurement of concrete be taken to 
cover the cost of forms or extra labor in placing. 


4, All openings and voids in concrete shall be deducted with the fol- 
lowing exceptions: 
(a) No deduction shall be made for reinforcement, I-beams, bolts, 


etc., embedded in concrete except where a unit has a sectional area of 
more than 1 sq. ft. 


(b) No deduction shall be made for pipes or holes in concrete hav- 
ing a sectional area of less than 1 sq. ft. 


(c) No deduction shall be made for chamfered, beveled or splayed 
angles to columns, beams and other work, except where such chamfer, 
bevel or splay is more than 4 in. wide measured across the diagonal 
surface. 


5. Each class of concrete having a different proportion of cement, sand 
or aggregate shall be measured and described separately. 


6. Concrete in the different members of a structure shall be measured 
and described separately according to the accessibility, location or purpose 
of the work. 


7. Concrete with large stones and rocks embedded in same (cyclopean 
masonry) shall be measured and described according to the richness of the 
mix and the percentage of rock in same. 


8. Concrete stairs shall be measured by the linear foot of riser. Price 
to include forms, concrete, steel and finish tread. (Rise and tread to be 
given.) Finished surfaces shall be measured separately. In addition to 
stairs, measure platforms in square feet. Where stair risers are more 
than 5 ft. in length or stairs have unusual features, the concrete, forms 
and reinforcing should be measured and priced separately. 


(bo) Forms. 


9. The unit of measure for formwork shall be the square foot of 
actual area of the surface of the concrete in contact with the forms or 
false work. 

10. Forms to different parts of a structure shall be measured and 
described separately according to the position in the structure, accessi- 
bility, purpose and character of the work involved. 

11. Forms shall in every case be measured and described separately 
and in no case (except as Rule 8) shall the measurement of concrete in- 
clude the forms. 

12. No deduction shall be made in measurement of surface of con- 
crete supported by forms, because of forms being taken down and re-used 
two or three times in the course of construction. 
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13. The unit price for superficial measurement of forms shall include 
the cost of struts, posts, bracing, bolts, wire, ties, oiling, cleaning and 
repairing forms. No measurement to be made of these. Story heights 
over 12 ft. shall be listed separately, stating story height and area of 
forms. 


14. Distinction shall be made between wood and metal forms. 


15. Angle fillets or bevels to beams and columns shall be measured 
and described separately. 


16. No deduction in measurement of forms shall be made for openings 
having an area of less than 25 sq. ft. 


17. No deduction shall be made in floor forms for heads of columns 
of any shape, or area of clay or metal tile. 


18. No deduction shall be made in column and girder forms for ends 
of girders, cross beams, ete. 


19. No allowance shall be made for hand-holes in column forms for 
clearing out rubbish. 


20. The measurement of column forms shall be the girth multiplied 
by the height from the floor surface to the under side of floor slab above 
or to the bottom of the drop panel. 


21. Forms to rectangular, octagonal, hexagonal and circular columns 
shall be measured and described separately. Circular columns shall be 
listed separately, stating number, size and height of each. 


22. Caps and bases to columns and other ornamental work shall be 
measured by number and fully described, giving overall dimensions. 


23. The measurement of beam forms shall be the net length between 
columns multiplied by the sum of the breadth and twice the depth below 
the slab, except for beams at edge of floor or around openings which shall 
have the thickness of floor added to the sum of the breadth and twice the 
depth. The form area for the breadth of the beam should be deducted 
from the floor forms. 


24. Allowance shall be made by number for pockets left for future 
beams. 


25. Forms to circular work shall always be measured separately from 
forms to straight work. 


26. No measurement or allowance shall be made for construction 
joints in slabs or beams, to stop the day’s concreting. 


27. Construction joints or expansion joints to dams, bridges and “other 
large masses of concrete shall be measured by the square foot as they 
occur, 


28. Falsework and staging for bridges, domes and other special work 
shall be described and measured separately. 
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29. Forms to cornices and moldings shall be measured by the lineal 
foot and the girth stated. (The term girth shall be taken to mean the 
total width of all curved and straight form surfaces touched by the con- 
crete.) Plain forms to back of cornice to be measured separately. 


30. Forms to window sills, copings and similar work shall be meas- 
ured by the lineal foot. Indicate the dimensions. 


31. If forms are required for the upper side of sloping slabs, such as 
saw-tooth roofs, they shall be measured separately. 


(c) Reinforcement 


32. The unit of measure of reinforcement shall be the weight in tons. 


33. The weight shall be calculated on the basis of a square rod 1 in. 
x 1 in. x 12 in., weighing 3.4 Ib. 


34. Steel rods for reinforcement shall be measured as the gross weight 
required to be purchased. 


35. Deformed bars shall be measured separately from plain. 
36. Spirals shall be listed separately. 


37. Separation shall be made according to accessibility, location or 
purpose of reinforcement. 


38. The rods of each different size shall be measured and described 
separately. 


39. Bent bars shall be measured separately from straight bars. 


40. Chairs, ties, pipe sleeves, turnbuckles, clamps, threaded ends, nuts 
and other forms of mechanical bond shall be measured separately by num- 
ber and size and allowed for in addition. 


41. Wire cloth, expanded metal and other steel fabrics sold in sheets 
or rolls shall be measured and described by the square foot. The size ot 
mesh and weight per square foot of steel in tension shall be stated. Allow- 
ance shall be made for waste, cutting, laps, etc., stating allowance. 


(d) Surface Finish. 


42. The unit of measure for finish or treatment of concrete surfaces 
shall be the square foot. The following shall be measured and described 
separately. 

Cement wash. (State how many coats.) 
Rubbing with carborundum. 

Patching and removing of fins. 
Scrubbing with wire brushes. 

Tooling. 

Picking. 
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Plastering. 
Treating with acid. 
Floor hardener. 


43. Allowance shall be made for going over concrete work after re- 
moval of forms and patching up voids and stone pockets, and removing 
fins. Where rubbing is specified the cost of removing fins should be in- 
cluded with rubbing. 


44. Cement or granolithic finish shall include all labor and materials 
for the thickness specified. Do not make deductions for partitions or col- 
umns. Do not deduct openings containing less than 25 sq. ft. 


45. Finish laid integral with the slab shall be measured separately 
from finish laid after the slab has set. 


46. Allowance shall be made for protection of finish with sawdust, 
sand or tenting, giving area to be covered. 


47. Grooved surfaces, gutters, sills, curbing, etc., shall be measured 
separately from plain work and shall be measured by the square foot or 
lineal foot as the case may require. 


48. Cement cove and base shall be measured by the lineal foot, giving 
size, 


(e) Tile Fillers. 

49. (a) Clay tile should be estimated by the number of square feet 
of each size tile required. Give number of end tile. 

(b) Gypsum tile shall be measured by the number of lineal feet of 
each size. Soffit pieces shall be measured by the lineal foot, stating width. 

(ec) Metal tile shall be measured by the number of lineal feet of each 
size. State number of end tile pieces necessary. 

(d) Wood tile shall be measured by the number of linea] feet of 
various depths. 

(e) Metal lath or other ceilings under wood or metal tile ceilings 
shall be measured in square feet of surface covered. 


II. SmpEWALKS AND DRIVEWAYS. 


50. Sidewalks and driveways shall be measured by the square foot; 
the thickness to be stated in the description. 


51. All linear surface measurement shall be made along the grade line 


or the actual length of the sidewalk or driveway and not merely hori- 
zontally. 


52. Finish, reinforcing and lining in squares and cinder or stone foun- 
dations shall not be separately measured, but shall be described. Expan- 
sion joint material to be measured separately per linear foot. 


53. Curbs and curb and gutter work shall be measured by the lineal 
foot and separated according to character and size, and shall include foun- 
dations, forms and finish. 
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54. In measuring curbs the full height and width or thickness of same 
shall be taken to the extreme edge. 


55. Circular corners to curbs and gutters shall be measured sep- 
arately by number, stating radius and length measured on the curve. 


56. Vault lights shall be measured by the square foot, the size and 
type of glass, forms, steel and finish to be described but not measured sep- 
arately. Beams under vault lights shall be measured by the lineal foot. 
In measuring vault lights the measurement shall be taken at least 4 in. 
beyond the outside line of the glass in each direction. 


Ill. SrructuraLt PRECAST CONCRETE. 
(a) Concrete. 


57. The term structural: precast concrete is taken to include unit 
construction by the various systems. 


58. The unit of measurement for structural precast concrete shall be 
the cubic foot, and shall be measured net as provided for monolithic con- 
crete. 


59. The various members shali be measured on the ground before 
erection. 


60. No measurement shall be taken of forms. 


(b) Reinforcement. 


61. Reinforcement shall be measured separately as provided in Para- 
graphs 35 to 47, ine. 
(c) Erection. 


62. The unit of measure for the erection of structural precast con- 
crete shall be the volume of the finished member in cubic feet. 


63. The unit of measurement for grouting shall be the cubic foot of 
grout required. 


IV. Cast ORNAMENTAL CONCRETE WORK. 


64, Cast concrete shall be measured by the cubic foot, but the meas- 
urement shall be the smallest rectangular solid that will contain the piece 
measured and not its actual content. 


65. No allowance shall be made for forms. 

66. No allowance shall be made for reinforcement in trim and orna- 
mental work. 

67. No allowance shall be made for surface finish in trim and orna- 
mental work. 


68. Circular work shall be measured separately from other work. 
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69. Mitre blocks and end blocks for cornices, etc., shall be measured 
separately from straight molded work. 


70. Vases, seats, pedestals, balusters and other similar items shall be 
measured by number and description with overall dimensions, 


71. The unit of measure for the erection of ornamental concrete shall 
be the volume in cubic feet as measured under Rule 64. 


V. Roaps AND PAVEMENTS. 


72. The unit of measure for concrete pavement on roads or streets 
shall be the square yard of pavement surface. 


73. All linear surface measurements shall be made along the grade 
line or the actual length of the pavement, and not merely horizontally. 


74. Deductions shall be made for openings in concrete pavement of 
more than one square yard surface area.» No deductions shall be made for 


individual openings, such as manholes, catch basins, inlets, lampholes, 
monument covers, etc., of less than one square yard surface area. 


75. Concrete roads and pavements having sections of varying propor- 
tions of cement, sand and stone, or having sections of varying thickness or 
cross-section, shall be measured and described separately. 


76. Concrete roads and pavements containing reinforcement of any 
type shall be measured and described separately from that not containing 
reinforcement. 


77. Concrete roads and pavements requir ing forms shall be measured | 
and described separately. 


78. Concrete roads or pavements requiring any special surface treat- 
ment shall be measured and described separately. 


Report oF COMMITTEE P-7, ConcRETE PreE, DRAIN TILE 
AND CONDUIT. 


No meeting of the entire committee has been held since the 1924 con- 
vention of the Institute. However, three meetings of a sub-committee have 
been held for the purpose of revising the existing Tentative Standard 
Specifications for Reinforced-Concrete Sewer Pipe (P70-24T), also to pre- 
pare other recommendations which are submitted below. 

The report of the sub-committee has been sent out to all members of 
the committee and the result of the letter ballot is presented in the last 
paragraph of this report. 

The committee recommends the following changes in: Tentative Stand- 
ard Specifications for Concrete Drain Tile (P7B-24T), Tentative Standard 
Specifications for Plain Concrete Sewer Pipe (P7A-24T), and Tentative 
Standard Specifications for Reinforced-Concrete Sewer Pipe (P7C-24T). 


RECOMMENDATION No. 1.* 


That the Tentative Standard Specifications for Concrete Drain Tile 
(P7B-24T) be submitted to letter ballot of the Institute to become a stand- 
ard of the Institute. 

That the proposed Standard Specifications for Plain Concrete Drain 
Tile of 1910 and 1911 be withdrawn. 

That the recommended practice for Plain Concrete Drain Tile of 1912 
and the Standard Specifications for Concrete Drain Tile of 1917 be sub- 
mitted to the Institute by letter ballot for withdrawal. 


RECOMMENDATION No. 2.* 
That the Tentative Standard Specifications for Plain Concrete Sewer 
Pipe (P7A-24T be continued as tentative standard for another year. 
RECOMMENDATION No. 3.* 


That the Tentative Standard Specifications for Reinforced-Concrete 
' Sewer Pipe (P7C-24T) be amended as indicated on p. 580, where the re- 
vised specifications (P7C-25T) are found. 


C. F. Buente, Chairman 
M. W. Lovine, Secretary. 


*Recommendations as suggested were adopted by the Institute Feb. 26, 1925. 
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Scope and Classes. 


Acceptability of 
ipe. 


Concrete and Steel, 


Cement. 


Steel 


Fine Aggregate. 
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TENTATIVE STANDARD SPECIFICATIONS FOR REINFORCED-CONCRETE 
SEWER Pipn. 


Submitted by Committee P-7, Concrete Pipe. 
(Serial Designation P-7C-25T) 
I. GENERAL, 


1, These specifications apply to reinforced-concrete pipe intended to 
be used for the conveyance of sewage, industrial wastes and storm water. 
Pipe furnished under these specifications shall be of a single class as to 
strength. 

Pipe may be made in either of two types (a) field-made cast con- 
crete pipe or (b) shop-made mechanically-compacted pipe as hereinafter 
described. 

2. The acceptability of pipe shall be determined by the purchaser; by 
the results of the load tests hereinafter specified, if and when required, and 
by inspection, to determine whether the pipe comply with the specifica- 
tions as to dimensions, shape, and freedom from external and internal 
defects. 

II. MATErRIALs, 


3. Pipe shall be manufactured from concrete in which steel has been 
imbedded in such manner that the steel and concrete shall assist each 
other in taking stress, 

By concrete is meant a suitable mixture of portland cement, mineral 
aggregates and water, hardened by hydraulic chemical action. 

4. Portland cement shall meet the requirements of the Standard Speci- 
fications and Tests for Portland Cement (Serial Designation, C 9-21) of 
the American Society for Testing Materials. 

5. Reinforcement may consist of wire or fabric which will meet the 
requirements of the Tentative Specifications for Cold-Drawn Steel Wire for 
concrete reinforcement (Serial Designation: A 82-21T) of the American 
Society for Testing Materials, or of rods and bars which meet the require- 
ments of the Standard Specifications, for Billet Steel Concrete Reinforce- 
ment bars (Serial Designation A-15-15). 

6. Fine aggregate shall consist of sand, stone screenings, or other 
inert materials with similar characteristics, or a combination thereof, hav- 
ing clean, hard, strong, durable uncoated grains and free from injurious 
amounts of dust, lumps, soft or flaky particles, shale, alkali, organic mat- 
ter, loam or other deleterious substances. Fine aggregate shall be well 
graded and shall pass a 14-in. screen. 
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a as MORNSER CHE j 
Coarse aggregate shall consist of crushed stone, gravel, slag, or other Coarse Aggregate. 
approved inert materials with similar characteristics or combinations 
thereof, having clean, hard, strong, durable, uncoated particles, free from 
Injurious amounts of soft, friable, thin, elongated or laminated pieces, 
alkali, organic or other deleterious matter. 


Where the shell thickness is 5 inches or less, coarse aggregate shall 
be used which will pass a screen having one-inch openings. On 5% to 
9-in. shells, the stone may pass a screen having openings of 14% in. 

7. The mix shall be such as to produce a pipe that will meet the Mixture. 
physical test requirements hereinafter provided, but under no circum- 
stances shall the mixture consist of less than 1 part portland cement 
to 2 parts fine and 4 parts coarse aggregate with a minimum amount 
of water to produce a workable mix. 


TABLE J.—Minimum DIMENSIONS OF FIELD-CAST REINFORCED- 
CONCRETE PIPE. 


Shell - Total Min. Cross-Sect. 
Interior Diameter Thickness Area of Steel sq. in. 
in Inches jin Inches per lin. ft. of pipe 
AE Ps Sc RP Se Tae See coils SE ye is 3 1 Line 065 
DALE os SRE: Sh RR nt oe 3} Mg 065 
sh (anne hour dee eou eect UG saceee w soioneye Bete 3% 6 085 
SOM aOR Ue Sy Reade Late Le Meh ayane Biles 334 Y 105 
BAe No On nA Oe CnC ROE ROE enc ace Seren are 4 “6 125 
Le Wid seers See OS ATR ROR ROR STE ROE ae 4% S .150 
USS (Se has Choe ater occ OR ar oie Rae aas CeORT 5 2 Lines .210 
DAD AIRE taper ote a Ne ie ic ee Bee area 514% Totaling  .250 
Oar ererne Menten eter ce uncstelld ives fo oieiinte auth ieers 6 2 .290 
COXGY Bseaieds he ract Secneo tt MURR ROR Reps ORME nr eee 6% #e .320 
hota St tet ORC IMO COS eta ORME i ss .360 


III. DrEsien. 


8. Field-made cast concrete pipe shall be made with concrete hav- Field Made Cast 
ing a consistency which will permit the concrete to be placed in the Concrete, Pine: 
forms and will require spading to properly work it around the reinforce- 
ment. The pipe may be made with wall thicknesses and steel quantities 
shown in Table I provided they meet all the strength and other require- 

_ ments of these specifications. It is clearly understood that the wall 
thicknesses and quantities of steel given in this table are not specified 
wall thicknesses and steel quantities, but are minimums and that manu- 
facturers shall use greater shell thicknesses or greater steel quantities 
or both if necessary to meet all other requirements. 

9. Shop-made mechanically-compacted pipe must be manufactured Shop-Made 
in a factory and by a process which will automatically compact the con- Cee 
crete into the forms and around the reinforcement in such a manner as 
to uniformly obtain the maximum quality and strength for the lesser 


amount of concrete allowed. 


Reinforcement. 


Joints. 


Position of Rein- 
forcement. 
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The pipe may be made with wall thicknesses and steel quantities 
shown in Table II provided they meet all the strength and other require- 
ments of these specifications. It is clearly understood that the wall 
thicknesses and quantities of steel given in this table are not specified 
wall thicknesses and steel quantities, but are minimums and the manu- 
facturers shall use greater shell thicknesses or greater steel quantities 
or both if necessary to meet all other requirements. 

It is clearly understood that these requirements constitute factory 
conditions and, therefore, pipe shall not be considered as meeting these 
specifications unless made at.a plant established for permanent operation. 


TasLe Il.—Mintmum DIMENSIONS or SHOP-MADE MErCHANICALLY- 
COMPACTED REINFORCED-CONCRETE PIPE. 


Shell Total Min. Cross-Sect. 
Interior Diameter Thickness Area of Steel sq. in. 
in Inches _ in Inches per lin. ft. of pipe 
Vd RSME A IO ierPo ch ce EE Sls 21%, J Line 0.15 
Ne ee ee, EES COM oh GEIS ee ae (25% sf 0.18 
Po] Utena ere dee anc fe ee amd Geach oye eee 234 f 0.21 
SOR eRe hc ana bi get Oo oe ORE 234. a 0.24 
SOM» sews sot P aes Re ee eS 3 2 Lines 0.36 
AON. cial 12 cieh eee a ee 334 Totaling 0.42 
Ch Re Ne mieere te he EEE 3%, « 0.46 
Aa Sectie o et oh es rare 41% ca 0.50 
GORE ic. -cwe nee a nee ees ee ee 4% 2 0.54 
CO oi: ee ees Ae ee 43, Ks 0.58 
1 (PEN Ren PEAT RCPS N EET AE A ALOR eee thas 5 f 0.62 


10. The reinforcement shall extend throughout the barrel of the pipe. 
It shall be assembled into units so designed that they may be readily 
placed and maintained of true, exact shape and proper position within 
the pipe form during the manufacturing process. 

11. The ends of reinforced concrete pipe shall be so formed that when 
the pipe are laid together and the joints cemented, they shall make a con- 
tinuous and uniform line of pipe with a smooth and regular interior sur- 
face. The joints shall be of such a design that when cemented they will 
prevent leakage and infiltration as well as appreciable irregularities in the 
flow line of the sewer. 

12. Reinforcement shall be placed not less than %4 in. nor more than 
1% in. from the inner surface of the pipe shell when one line of steel is 
used and from either surface when two lines are used. 

The reinforcement may be of elliptical form and placed in pipe near 
the inner surface on the vertical axis and near the outer surface on the 
horizontal axis of the pipe, providing all other requirements given in 
Tables I and II are complied with. 
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IV. WorkKMANSHIP AND FINISH. 


13. Pipe shall be substantially free from fractures, large or deep Finish. 


cracks and surface roughness. The ends of pipe shall be square with their 
longitudinal axes. 


14. Variations of the internal diameter shall not exceed 1.5 per cent. Variations. 
The shell thickness shall not be less than that intended in the design by 
more than 5 per cent. at any point. 


2 Pod. 


at least bxb™ 


FIG. 1.—THREE-EDGE BEARINGS. FIG. 2. 


SAND: BEARINGS. 


V. MARKING. 


15. When shipment of pipe is made in any manner other than direct Markings. 
from manufacturer to user, pipe shall be so marked that the manufacturer 
of the pipe can be identified. The date of manufacture shall be plainly 
marked on the pipe in all cases. 


VI. Loap TEs’. 


16. The test specimens shall be full size pipe which will in every ually ee 
respect pass the inspection requirements hereinafter provided. 


Selection of 
Specimen. 


Complying with 
est. 


Test Methods 


Sand Bearing Test. 
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17. The specimens to be tested shall be selected by the purchaser or 
his representative at the point or points designated by him when placing 
the order. The manufacturer shall furnish, for testing purposes and at 
his own expense, one pipe of each size included in the order; the purchaser 
bearing all expense of testing such pipe. Should additional tests be made 
upon the demand of the purchaser or manufacturer, as hereinafter pro- 
vided, then cost of such additional test specimens and the expense of 
testing shall be borne by the party making such demand. 

18. Should the test specimens furnished by the manufacturer meet the 
test requirements, then all pipe represented by such specimens shall be 


Socket [beyord veoriny, 


Upper 
Side View. Bearing Frame 


FIG. 3.—THREE-EDGE BEARINGS. : FIG. 4.—SAND BEARINGS, 


accepted; provided, however, that the purchaser shall have the right to 
require an additional test in any size or sizes of pipe. 

Should any of the specimens first tested fail to meet the test require- 
ments, then the manufacturer shall have the right to submit an addi- 
tional test of the size or sizes of pipe which have failed. 

In either case, when an additional test is made in any size of pipe, 
such test shall consist of three pipe or multiple thereof including the pipe 
first tested; if two-thirds of the pipe so tested shall meet the test require- 
ments, then all pipe represented by such test shall be accepted, otherwise 
they shall be rejected. 

19. The load test shall be performed either by the sand bearing or 
three-edge bearing methods as hereinafter described. 

20. When sand bearings are used, the specimen shall have its upper 
and lower quadrants, measured on the center line of the shell, carefully 
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bedded in dry, clean, uniformly compacted sand having a minimum thick- 
ness of at least one-quarter the mean diameter of the pipe to be tested. 
The sand shall be prevented from lateral flow by being placed in rigid 
frames which shall not come in contact with the test specimen. Seepage 
of sand between the pipe and the upper bearing frame may be prevented 
by strips of cloth attached to the lower inside edge of the frame. 

The upper bearing shall be centered over the pipe and the load shall 
be applied centrally thereto through a rigid horizontal bearing plate, cov- 
ering its surface but not in contact with the bearing frame. 


21, The sand bearing test may be made without the use of a testing 
machine, by piling weights directly on a platform resting on, and fully 
supported by, the top bearing plate, provided, however, that the weights 
shall be placed symmetrically about a vertical line through the center of 
the pipe, and that the platform shall not be allowed to touch the top bear- 
ing frame. 

22. When three-edge bearings are used, the ends of each specimen of 
pipe shall be accurately marked in halves of the circumference prior to the 
test. The lower bearings shall consist of two wooden strips with vertical 
sides, each strip having its interior top corner rounded to a radius of 
approximately % in. They shall be straight, and shall be securely fast- 
ened to a rigid block with their interior vertical sides one inch per foot 
of diameter of pipe apart. The upper bearing shall be a wooden block, 
straight and true from end to end. The bearings shall be centered on the 
diametrically opposite markings previously made and the test load shall be 
applied through the upper bearing block in such a way as to produce a 
uniform distribution at the load throughout the length of the pipe and to 
leave the bearing free to move in a vertical plane passing midway between 
the lower bearings. 

23. Any prime mover or hand power which will apply the load at a 
uniform rate of about 2000 lb. per minute, or in increments of not more 
than 100 lb., at the same rate, may be used in making the test. The test- 
ing machine shall be substantial and rigid throughout, so that the distribu- 
tion of the load will not be affected appreciably by the deformation or 
yielding of any part. The load shall be applied continuously until the 
ultimate strength of the pipe is reached. The load at ultimate strength 
and also when the first crack appears shall be observed and recorded. 

24, In testing pipe which is “out of line” the lines of the bearings 
chosen shall be from those which appear to give the most favorable con- 
ditions for fair test. 

25. The test specimens shall show an ultimate strength not less than 
that given in Table III for the various sizes and methods of test stated 
and shall show no clearly visible crack, caused by the application of the 
load, extending the full length of pipe when tested to one-half the ultimate 
load designated in Table III. Ultimate load is the point beyond which no 
additional load can be sustained. 


Test by Weights. 


Three-edge Bearing 
Test. 


Application of Load 
(Machine Testing) 


Test Result. 
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TABLE II].—ULTIMATE STRENGTH TrST REQUIREMENTS OF REINFORCED- 
ConcRETE SEWER Pipr at Not Less THAN 28 Days. 


: : Ultimate Load in Pounds per 
Internal Diameter of Pipe lin. ft. of Pipe 
in Inches : ? 
Three-edge Bearing Sand Bearing 

1A Pe PICEA I IO Or NOG CO Cece 3000 4500 
Ht ES ee PE Oe Ro 35 9 OG APO SiOoC 3300 4950 
BO ade Se auahha ne tia cia rene eet eater 3600 5400 
5 1s ee RICRCe RO MRE ra. ort ABS A Tian cal, ou ONO 3900 5850 
DOr oS ete ona 's Meee tan beens eae eee te 4200 6300 
UV ee ein ox aiteion Mero onarco Loo OKO USklG DX 4700 7050 
NEON GMP 5G GloihO Gece hace 0. cats L i 5100 7650 
Be ete ae OG eae resin aon oe 5500 8250 
Wide tanh borat Oc onn Oo Re Ones oD Do 5800 . 8700 
UR eeitoas on cout eaehcub ta Mae eh adie Guy cone o 6000 9000 
(APRS ee Par sous oueira ania apehuiok-ren SOLAS 6200 9300 


Notre: The load per foot of pipe shall be determined by dividing the total 
test load by the net inside length of the barrel of the pipe, measuring from 
the bottom of the socket to the end of the spigot. 


VII. INSPECTION. 


26. All pipe shall be subject to inspection at the factory, trench or 
other point of delivery by a competent inspector employed by the consumer 
or purchaser. The purpose of the inspection shall be to cull and reject 
pipe which, independent of the physical tests herein specified, fail to meet 
the requirements of these specifications. 


27. Pipe shall be subject to rejection on account of any of the 
following : 
(a) Variations in any dimension exceeding the permissible vari- 
ations given in Section 13. 


(b) Fractures or cracks passing through the shell, except that 
cracks at either end of the pipe not extending beyond the joint nor 
fracture not extending beyond the joint nor extending more than 10 
per cent around the circumference, will not be considered cause for 
rejection. 

(c) Defects which indicate imperfect mixing and molding. 


(d) Exposure of the reinforcement when such exposure would 
indicate that the reinforcement is misplaced. 


28. All rejected pipe shall be plainly marked by the inspector and 
shall be replaced by the manufacturer or seller with pipe which meets the 
requirements of these specifications, without additional cost to the con- 
sumer or purchaser. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATIONS FOR PORTLAND CEMENT CONCRETE 
SIDEWALKS.* 


(SerrAL Designation O-2B-25) 


Submitted by Committee C-2 on Concrete Floors. 


J. ORIGIN AND USE. 
(A) Origin. 
1. These specifications as printed herein were revised and arranged 
by Committee C-2 on Concrete Floor Finish. The Tentative Standard 


Specifications for Portland Cement Concrete Sidewalks were printed in 
Proceedings of the American Concrete Institute, Vol. 20, 1924, p. 732. 


(B) Use of Specifications. 


2. These specifications cover both one- and two-course sidewalk con- 
struction. The specifications for materials and construction included in 
Paragraphs 1 to 36 inclusive, apply to both one- and two-course types of 
sidewalks. The use of the specifications will be facilitated by the follow- 
ing subdivision of them by paragraphs according to the type of sidewalk 
involved: 


For one-course sidewalks use Paragraphs 3 to 41, ine. 
For two-course sidewalks use Paragraphs 3 to 38, inc., and 42 to 
45, ine. 
II, MarTeriatzs. 


3. Before delivery upon the job, and at such other times as the engi- 
neer deems necessary, the contractor shall furnish any required samples 
of the materials hereafter mentioned. Materials shall pass the following 
requirements. 

(A) Cement. 


4. The cement shall meet the requirements of the current Standard 
Specifications for Portland Cement of the American Society for Testing 
Materials. 

This specification has been a tentative standard for one year. The con- 


vention, on Feb. 26, adopted it to be sent to letter ballot as standard. Letter 
ballot was canvassed May 28, 1925. 
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Cement. 


Fine Aggregate 


General, 
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Joint Filler. 
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Division Plates. 


Sub-base. 
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(B) Fine Aggregate. 


5. The fine aggregate shall consist of clean, hard, durable, uncoated 
particles of sand, stone or air-cooled blast furnace slag, free from organic 
material. All of the fine aggregate shall pass a 4-in. screen and 95 per 
cent shall be retained on a 100-mesh screen. Not more than 25 per cent 
shall pass a 50-mesh screen. It shall be well graded from coarse to fine, 
and shall contain not more than 5 per cent by weight of clay or loam, 
none of which shall be in lumps. Blast furnace slag used in the wearing 
course shall weigh not less than 70 Ib. per cubic foot. 


(C) Coarse Aggregate. 


6. Coarse aggregate may be broken stone, gravel or blast-furnace slag. 
All of the coarse aggregate shall pass a l-in. screen and at least 95 per 
cent shall be retained on a 14-in. screen, with all intermediate sizes retained. 


7. The broken stone or gravel shall be clean, hard, durable, uncoated 
rock. It shall contain no vegetable or other deleterious matter and shall 
be practically free from soft, thin, elongated or laminated pieces. 


8. Slag shall be air-cooled blast-furnace slag weighing not less than 
65 lb. per cubic foot when used in that part of the sidewalk not subject to 
abrasion, and not less than 70 lb. per cubic foot when used in the wearing 
course. 
(D) Water. 


9. Water shall be clean and practically free from alkali, oils or acid. 


(EZ) Joimt Filler. 


10. The joint filler shall be a suitable elastic waterproof compound 
that will not become soft and run out in hot weather, nor hard and brittle 
and chip out in cold weather, or prepared strips of fiber matrix and 
bitumen as approved by the engineer. The strips shall be 14 in. in thicl- 
ness, their width shall at least equal the full thickness of the slab and 
their length shall at least equal the width of the slab at the joint. 


(Ff) Forms. 


11. Forms shall be of lumber 2 in. thick, or of steel of equal strength, 
except on curves, where flexible strips may be used. 


(G) Division Plates. 


12. Where division plates are used they shall be of 1%-in. steel as 
wide as the depth of the slab and as long as the width of the walk. 


(H) Sub-base. 


13. Only clean, durable material, such as coarse gravel or steam- 
boiler cinders free from ash or particles of unburned coal shall he used 
in the sub-base. (Note: Eliminate this clause if sub-base is not required.) 
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III. Construction. 


(A) Subgrade. 


14. That portion of the ground surface directly beneath the slab shall 
be called the subgrade. 


15. All soft and spongy material in the subgrade shall be removed and 
replaced with suitable material. Fills shall be compacted in layers not 
exceeding 6 in. in thickness. Spots previously compacted by traffic shall 
be loosened to a depth of 6 in. The whole subgrade shall be thoroughly 
and uniformly compacted to a firm surface having as nearly as possible a 
uniform bearing power. 


16. A templet, resting upon the side forms and having its lower edge 
at the exact elevation of the subgrade, shall be drawn along the forms 
before any concrete is laid. Any high places in the subgrade shall be 
removed so that the templet will pass over without being raised off the 
side forms or being tipped at an angle to the sidewalk surface. 


17. The subgrade shall be damp, but not muddy, when concrete is 
placed upon it. . 
(B) Drains. 


18. Where the nature of the subgrade is such as to produce unusual 
frost action, drains of 4-in. concrete tile shall be laid on the lines and 
grades given by the engineer. 


(C) Sub-base. 


19. The sub-base material shall be spread, thoroughly rolled and 
tamped to a surface at least 5 in. below the finished grade of the walk. 
On fills, the sub-base shall have the same direction of slope as the surface 
of the fill. 

20. While compacting the sub-base, the material shall be kept thor- 
oughly wet, and shall be wet when the concrete is deposited, but shall not 
show pools of water. 

(D) Forms. 

21. Forms shall be held rigidly in place by stakes or braces with top 
edges at true line and grade, to give the walk a slope toward the curb of 
¥, in. per foot of width. Ends of adjoining forms shall be flush. 


22. Forms and division plates shall be thoroughly cleaned and oiled 
each time before they are used. 

(E) Measuring and Mixing. 

23. The method of measuring the materials for the concrete or mortar, 
including water, shall be one which will insure separate and uniform pro- 
portions of each of the materials at all times. A sack of portland cement 
(94 lb. net) shall be considered one cubic foot. Cement shipped in bulk 
shall be proportioned by weight. 


Definition. 
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Wetting. 


Applying Material 


Wetting. 


Forms. 


Cleaning and 
Oiling. 


Measuring. 


Machine Mixing. 


Hand Mixing. 


Retempering. 


Consistency. 


Cold Weather 
Work. 


Construction 
Joints. 


Division Plates. 


Cut Joints. 


Edges. 


General. 


At Curb Line. 


594 SPECIFICATIONS: CONCRETE SIDEWALKS. 

24, All concrete shall be mixed by machine except when the architect 
or engineer shall otherwise permit under special conditions. A batch mixer 
of an approved type shall be used. The ingredients of the concrete or 
mortar shall be mixed to the specified consistency, and the mixing shall 
continue for at least one minute after all materials are in the drum. The 
drum shall be completely emptied before receiving material for the suc- 
ceeding batch. 


25. When it is necessary to mix by hand, the materials shall be mixed 
dry on a watertight platform until the mixture is of uniform color, the 
required amount of water added, and the mixing continued until the mass 
is of uniform consistency and homogeneous. 


26. Retempering of mortar or concrete which has partially hardened, 
that is, remixing with or without additional materials or water, shall not 
be permitted. 


27. The consistency of the mixed concrete shall be such that no sep- 
aration of the ingredients takes place and some tamping is necessary to 
bring the water to the surface. 


(Ff) Cold Weather Work. 


28. Concrete shall not be placed on a frozen subgrade or when the 
temperature is, or is liable to be within 24 hours, below 35 deg. F., except 
with the written permission of the engineer, and according to his instruc- 
tions. Freshly-placed concrete shall not be allowed to freeze for a period 
of five days after placing. 

(G) Jointing. 


29. The walk shall be cut into separate rectangular slabs. 
concrete slab shall be longer than 6 ft. on any one side. 


No plain 


30. Division plates shall be removed after the concrete has hardened 
sufficiently to avoid breaking the edges or corners of the slabs. 


31. Where division plates have not been used, the partially set con- 
crete shall be cut through to the subgrade or sub-base. Care shall be 
taken to make the cut at right angles to the surface of the sidewalk. 


32. The surface edges of each slab shall be rounded to a radius of 
about 4% in. Markings shall be exactly at cuts between slabs. 


(H) Hapansion Joints. 


33. Expansion joints shall extend from the surface to the subgrade, 
be truly at right angles to the sidewalk surface and be made by putting 
the specified joint filler in place before placing the concrete. They shall be 
placed as follows: 


34, At or near all places where sidewalk line intersects a curb line or 
other sidewalk a l-in. expansion joint shall be made at right angles to the 
center line of the walk. 
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35. When the sidewalk fills the space between the curb and the build- 
ing line a %-in. expansion joint shall be placed between the curb and the 
sidewalk, and between the sidewalk and the building. 


36. A %-in. expansion joint shall be made across the walk at approxi- 
mately 50-ft. intervals. 


(1) Ouring and Protecting. 


37. As soon as the concrete has set sufficiently it shall be sprinkled 
and kept moist until covered. As soon as it can be done without damage 
to the walk it shall be covered with 2 in. of earth or sand which shall be 
kept wet seven days. The walk shall then be cleaned and opened to traffic. 


38. ‘The contractor shall protect the concrete from damage by rain, 
pedestrians and animals, with suitable covers and barricades, and by red 
lights at night. 

IV. OneE-Course Work. 


39. The sidewalk shall consist of one 5-in. course of concrete in the 
proportion of one part of portland cement, two parts of fine aggregate and 
three parts of coarse aggregate. 


40. The freshly-mixed concrete shall be placed promptly on the pre- 
pared subgrade. It shall then be struck off and tamped with a straight- 
edge resting upon the side forms and advanced with a crosswise sawing 
motion. Concrete may he delivered in trucks from a centrally located mix- 
ing plant provided the consistency of the concrete and the length of haul 
are such that the concrete can be delivered in a homogeneous and workable 
condition. 


41. The concrete shall then be floated with a wooden float until the 
surface is true and the concrete thoroughly compacted. 


V. Two-CourRsE CONSTRUCTION, 


42, Two-course sidewalks shall consist of a base 4%4 in. thick com- 
posed of concrete in the proportions one part portland cement, three parts 
of fine aggregate and five parts coarse aggregate and a top coat %4 in. 
thick composed of mortar in the proportions one part portland cement and 
two parts fine aggregate. ‘ 

43. The base shall be deposited on the subgrade and thoroughly com- 
pacted by tamping. It shall then be struck off by a templet which shall 
leave it nowhere less than % in. below the finished surface. 


44. Within 45 minutes after the bottom course is laid and before the 
initial set has taken place, the material for the wearing surface shall be 
placed and brought to the established grade by means of a strike board. 

45, After the wearing course has been brought to the established grade 
it shall be worked with a wood float in a manner which will thoroughly 
compact it and provide a surface free from depressions or irregularities of 


any kind. 


Longitudinal 
Expansion Joints. 


Cross Joints. 


Thickness and 
Proportions. 


Placing. 


Finishing. 


Thickness and 
Proportions. 


Laying Base. 


Placing Wearing 
Surface. 


Finishing. 


| 
) 


Coarse Aggregate. 


596 SPECIFICATIONS: CONCRETE SIDEWALKS. 


PROPOSED REVISION STANDARD SPECIFICATIONS FOR CONGRETE 
FLoors.* 


(SERr1aL DEsIanaTion C-2A-23) 


D. Coarse AGGREGATE. 


7. Coarse aggregate shall consist of clean, hard, tough, crushed rock, 
pebbles or air-cooled blast furnace slag, graded in size, free from vegetable 
or other organic matter, and shall contain no soft, flat or elongated par- 
ticles. The size of the coarse aggregate shall range from one and one-half 
(14%) inches down, not more than five (5) per cent passing a screen hav- 
ing four (4) meshes per linear inch, and no intermediate sizes shall be 
removed. The weight per cubic foot of blast-furnace slag shall not be less 
than 65 lb. per cubic foot in that portion of the slab not subject to 
abrasion, and not less than 70 lb. per cubic foot for use in the wearing 
surface. 


A..C. Irwin, Secretary. 


*Committee C-2 on Concrete Floors submitted the following recommended 
change in the Standard Specifications for Concrete Floors (C2A-23). The pro- 
posed revision was accepted by the convention Feb. 26 and Paragraph D-7 
therefore becomes a Tentative Standard. 


Report OF COMMITTEE P-1, ON StanpaRD BurnpING UNITs. 


Your committee has invited comment and constructive criticism re- 
lating to the specifications and forms on which the committee has been 
working. Careful consideration has been given to all communications 
addressed to the chairman or secretary,of the committee and a careful 
study has been made of the specifications submitted to the Institute at the 
convention in 1924. It was the intent of the committee to have concrete 
building block, concrete building tile and concrete brick tested for com- 
pressive strength in a dry state. While we believe that this intent will be 
apparent to any one who carefully studies the specifications, yet we feel 
that it will be wise to change the wording so as to clarify this thought and 
also simplify the wording of the specifications. 

Building Block and Tile—Paragraph 11 of the Proposed Standard 
Specifications for Concrete Building Block and Concrete Building Tile 
now reads: 

“The specimens used in the absorption test may be used for the 
strength test, provided they have been dried at approximately 70 deg. F. 
for not less than three days. 

“We recommend that Paragraph 11 shall read: 

“The specimens used in the absorption test may be used for the 
strength test,” thereby deleting the words beginning with “provided”. and 
ending with “three days.” 

We recommend that Sec. 2 be rearranged as to position of paragraphs 
and that the paragraph shall read as shown in the Specifications on P. 603. 

We submit herewith copy of the Proposed Standard Specifications for 
Concrete Building Block and Concrete Building Tile, as they would be after 
the proposed changes are made. We recommend that the amended specili- 
cations be adopted as standard, inasmuch as these changes do not in effect 
change the intent of the present specifications. 

We submit herewith a revision of the Proposed Standard Specifications 
for Concrete Brick, the revision being made simply to clarify the intent 
of the specifications relative to testing for compressive strength in a dry 
condition, the same as was done for the specifications for Concrete Building 
Block and Concrete Building Tile. As the intent of the specifications has 
not been changed in any particular, we, therefore, recommend that the 
Proposed Standard Specifications for Concrete Brick as revised be now 
adopted as standard, subject to letter ballot. 

Concrete Brick—We submit herewith a revision of the Proposed 
Standard Specifications for Concrete Brick, the revision being made simply 
to clarify the intent of the specifications relative to testing for compressive 


( 597 ) 


598 Report OF COMMITTEE P-1. 


strength in a dry condition, the same as was done for the specifications for 
Concrete Building Block and Concrete Building Tile. As the intent of the 
specifications has not been changed in any particular, we, therefore, recom- 
mend that the Proposed Standard Specifications for Concrete Brick as 
revised be now adopted as standard, subject to letter ballot. 

Standardized Sizes—-At the last convention this committee suggested 
that it would be of benefit to the concrete products industry and to the 
users of the products, if standard sizes were adopted by the Institute and 
by the manufacturers of the produets. 

Since the last convention this committee, through a subcommittee, 
has co-operated with the Division of Simplified Practice of the United 
States Department of Commerce. At the 1924 convention this committee 
recommended that sizes of block, tile and brick should be as follows: 


Standard Sizes for Concrete Block: 


Height Width ~ Length 
75% in. 6 in. 1558 in. 
Sas ; 155, “ 
75% “e 10 oe 155% «sé 
UY © Ts 155, “ 
Standard Sizes for Concrete Building Tile: 
Height Width Length 
5 in. 3°4 in. J2 in: 
b 8 « at 
Set 1282 gts 


Standard Sizes for Conerete Brick: 


Rove 
Height ~ Width Length 
21 in. 334 in. 8 in. 
SMOOTH 
244 in. 3% in. 8 in. 


These recommended sizes were transmitted to the Division of Simpli- 
fied Practice for their approval, and the division called a general confer- 
ence October 16 at the Hotel Sherman, Chicago. Approximately eighty 
invitations were issued to all interests, including concrete products and 
machinery manufacturers and the findings of Committee P-1 were used 
as the basis of discussion. 

After a great deal of deliberation, it was the consensus that certain 
sizes of concrete block be adopted with an allowance of sufficient tolerance 
to permit either the use of 14 or 3¢-in. mortar joint. The adoption of 


this tolerance changed the recommended sizes of these blocks as submitted 
by Committee P-1. 
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The subject of conerete building tile was next considered and the 
recommendation of Committee P-1 was unanimously adopted. As these 
sizes only pertain to load bearing wall tile, it was the vote of the confer- 
ence that the same sizes of standard partition tile as agreed upon by the 
clay tile industry would also meet the entire demand for concrete tile. 
Upon vote, duly seconded, six sizes of partition tile were adopted by the 
conference. 

Discussion on concrete brick developed the fact that there was no ne- 
cessity for two sizes. A motion, duly seconded and unanimously passed, 
eliminated the 3%-in. width as recommended by Committee P-1. As a 
result of this action, only one size of concrete brick, both face and com- 
mon, was adopted as standard. 

The conference went on record that these recommendations should hbe- 
come effective June 1, 1925, continuing in effect for the period of one year. 

It further requested the Division of Simplified Practice to circularize 
the industry for its acceptance and to appoint a standing committee of the 
conference. As soon as 80 per cent acceptance of those circularized is re- 
ceived by the Department, these recommendations will be published in its 
“Klimination of Waste” series. 

The U. S. Department of Commerce, through the Bureau of Standards, 
recommends that the number of sizes of concrete building units be reduced 
to the following: 

TABLE 1—CONCRETE BLOCK. 


Height Tolerance Width Tolerance Length Tolerance 


7% in. Minus %& in. 6 in. Minus Yin. 15%in. Minus %& in. 
Whe @ Minus \& “ Bik Minus 4 “ 15% “ Minus 1 “ 


(Ae Manistee LON Minus 4% “ 15% “ Minus % “ 
7% “ Minus & “ are Minus 4% “ 15% “ Minus &%& “ 


TABLE 2—CONCRETE BUILDING TILE. 


Height Width Length 
5 in. 334 in. 12 in, 
Load Bearing Oe Ses iy 23 
Bit Ise ie 
ap eee iaott 
De: ee 128k 
Gest Pat i 
Partition g « (oe 12 « 
10a [onanie ies 
Ws Dees ip 


Note.—Not more than 38 per cent permissible variation over or under for 
dimensions covering height, width or length. 


TABLE 3—CONCRETE BRICK. 
Types Height Width Length 


Face and Common 21% in. 3% in. 8 in. 


(Name of Laboratory) 


TESTS OF CONCRETE BUILDING UNITS 


Tests made in accordance with Tentative Standard Specifications for 
Concrete Building Block and Concrete Building Tile, and Tentative Standard 
Specifications for Concrete Brick, of the American Concrete Institute, 1924. 
See reverse of this sheet. 


ABSORPTION TESTS 


Unit Weight Corrected 
Mark Date Dry Weight of Unit Absorption of Concrete Absorption 
Lab. Client Tested pounds percent by wt. Ib. per cu. ft.* percent* 
tH Averages... scr. moe boxy iy ee eh eee eee ae ak SER tp den ek oe a 
* This information need not be furnished if the absorption by weight is within the required limits. 
STRENGTH TESTS 
Dimensions Loaded Area, ___Crushing Load 
___ Mark _ ees age of Unit—in. sq. in. Total Lb. per sq. in. 
Lab. Client “°ste Dace Depth Width Length Gross Minimum Pounds Gross Minimum 
, Area Area 
AVCTARZE). so eyson tigeth olee Bion Re. oh eerep es HS nD ue 
Remarks: 
Corrects: 2. hae se 
ADPIOVed Nana ae tt eee 
Daterole Report. a eeree ee aa ReportyNoz see 


a A I EN a ge ek 


Detach here if following information is confidential. 
ReportuNore eee ere 


| INFORMATION FURNISHED BY CLIENT 
DATA OF CONCRETE 


‘ Time Mixing Water Units per ProportionsofCement Time and 
Mark cee Types of Machinery of per Sack Sack to Fine and Coarse Method of 
ade Mixer Molding Mixing of Cement of Cement Aggregate Curing 


DATA OF AGGREGATES 


———_ 


, Poe Aalpyees ae tee Weight, Moisture in 
Type of | Amounts Coarser than each Sieve, Fineness Ib. per cu. ft. Aggregate 
Mark Aceregate Per centby Weight | —s Modulus ‘Diyand~~ As as Used, pereont 
100 50 30 16 8 4 3% % Rodded Used by weight 
REMARKS 


(Over) 


FIG. 5.—ONE SIDE OF FORM FOR REPORTING TESTS ON CONCRETE 
BUILDING UNITS. 
(The other side has copy of Standard Specifications.) 
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It will be seen by a study of the Table 1, that if we assume that the 
minus tolerance permits of two sizes of concrete block, then the adoption 
of the standard sizes for concrete block would reduce the lengths from 30 
in number as now found in practice, to 2 in number, the number of widths 
from 20 to 8 and the number of heights from 26 to 2. Variation in each 
size is but 4% in. in any dimension whether length, width or height. 

Referring to Table 2, it will be noted that reduction in tile sizes would 
be made from eight lengths to one length and from seven widths to three 
widths and from five heights to one height for load-bearing tile, whereas, 
in partition tile there are but six heights, one width and one length. 
Referring to Table 3, concrete brick, it will be found that the stand- 
ardization of sizes would cause a reduction from six lengths to one length, 
from seven widths to one width and from six heights to one height. 

We recommend that the members here assembled discuss these sizes 
if they are so inclined and we recommend the adoption of the standard 
sizes set forth in this report in Tables 1, 2 and 3. 

Forms for Reporting Tests on Concrete Building Units—A subcom- 
mittee, consisting of Stanton Walker, has made a study of the form 
submitted at the last convention, and this committee recommends the 
changes shown in the attached copy. We also recommend that the word 
“tentative” shown on the attached copy be deleted if the proposed specifica- 
tions for building units be adopted, otherwise the word tentative’ should 
stand. We therefore recommend the adoption of the form of report as 
shown in Fig. 1. 

This committee has been studying the preparation of specimens for 
testing and after making some tests recommends that capping as provided 
in the proposed standard specifications is satisfactory and that no change 
should be made. 


Strength 
Requirements. 


Absorption 
Requirements. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATIONS FOR CONCRETE BuiILpING BLocKk AND 
ConcRETE BurLpiIne TILE.* 


Subnutted by Committee P-1, on Standard Building Units. 
(SeR1AL DESIGNATION P-1A-25) 


1. GENERAL. 


l. The purpose of these specifications is to define the requirements 
for concrete building block and concrete building tile to be used in con- 
struction. “4 

2. The word “concrete” shall be understood to mean portland-cement 
concrete. 

3. According to the strength in compression 28 days after being manu- 
factured or when shipped, concrete block and concrete tile shall be classified 
as heavy load bearing, load bearing, and non-load bearing on the basis of 
the following requirements: ‘ 


Compressive strength, lbs. per sq. 
in. of gross cross-sectional 
area as laid in the wall. 


Aver. of 3- or Min. for Individ- 
more units. ual Unit. 
Name of Classification 
Heavy load bearing block or tile....... 1200 1000 
Medium “ ee pM ge LR Pa ea 700 600 
Non- =f 4 “s eds shut ae 250 200 


4. The gross cross-sectional area of a one-piece concrete block or tile 
shall be considered as the product of the length times the width of the 
unit as laid in the wall. No allowance shall be made for air spaces in 
hollow units. The gross cross-sectional area of each unit of a two-piece 
block or tile shall be considered the product of the length of the unit times 
one-half the thickness of the wall for which the two-piece block or tile is 


intended. 


5. The compressive strength of the concrete in units of all classifica- 


tions except “non-load bearing block” shall be at least 1000 Ib. per sq. in., 
when calculated on the minimum cross-sectional area in hearing. 

6. Concrete Building Block and tile to be exposed to soil or weather 
in the finished work (without stucco, plaster or other suitable protective 
covering) shall meet the requirements of the absorption test. 

7. All conerete building block and tile not covered by paragraph 6 
need not meet an absorption requirement. 

8. Concrete block and tile shall not absorb more than 10 per cent 
of the dry weight of the unit when tested as hereinafter specified, except 
when it is made of concrete weighing less than 140 Ib. perkcuy dite ecHor 


*This specification has been a Tentative Standard for a year. The econ- 
vention, on Heb. 26, 1925, adopted it to be sent to letter ballot as standard. 
Letter ballot was canvassed May 28, 1925. 
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block or tile made with concrete weighing less than 140 lb. per cu. ft. 
the absorption in per cent by weight shall not be more than 10 multiplied 
by 140 and divided by the unit weight in pounds per cubic foot of the 
concrete under consideration. 

Sampling.—9. Specimens for tests shall be representative of the com- 
mercial product of the plant. 

10. Not less than three and preferably five specimens shall be required 
for each test. 

11. The specimens used in the absorption test may be used for the 
strength test. 


2. METHODS OF TESTING. 


Absorption Test.—12. The-specimens shall be immersed in clean water 
at approximately 70 deg. F. for a period of 24 hours. They shall then be 
removed, the surface water wiped off, and the specimens weighed. Speci- 
mens shall be dried to a constant weight at a temperature of from 212 
deg. to 250 deg. F. and reweighed. Absorption is the difference in weight 
divided by the weight of the dry specimens and multiplied by 100. 

Weight of Concrete-—13. The weight per cubic foot of the concrete 
in a block or tile is the weight of the unit in pounds divided by its volume 
in cubic feet. To obtain the volume of the unit fill a vessel with enough 
water to immerse the specimen. The greatest accuracy will be obtained 
with the smallest vessel in which the specimen can be immersed with its 
length vertical. Mark the level of the water, then immerse the saturated 
specimen and weigh the vessel. Draw the water down to its original level 
and weigh the vessel again. The difference between the two weights divided 
by 62.5 equals the volume of the specimen in cubic feet. 

Strength Test.—l4. Specimens for the strength test shall be dried to 
constant weight at a temperature of from 212 deg. to 250 deg. F. 

15. The specimens to be tested shall be carefully measured for over- 
all dimensions of length, width and height. 

16. Bearing surfaces shall be made plane by capping with plaster 
of paris or a mixture of portland cement and plaster which shall be allowed 
to thoroughly harden before the test. 

17. Specimens shall be accurately centered in the testing machine. 

18. The load shall be applied through a spherical bearing block placed 
on top of the specimen. 

19. When testing other than rectangular block or tile care must be 
taken to see that the load is applied through the center of gravity of the 
specimen. 

20. Metal plates of sufficient thickness to prevent appreciable bending 
shall be placed between the spherical bearing block and the specimen. 

21. The specimen shall be loaded to failure. 

22. The compressive strength in pounds per square inch of gross 
cross-sectional area is the total applied load in pounds divided by the 
gross cross-sectional area in square inches. 


Absorption Test. 


Strength Test. 


Absorption. 


Strength Test. 


AMERICAN CONCRETE INSTITUTE 
STANDARD. 


STANDARD SPECIFICATIONS FOR CONCRETE BrIcK.* 
Submitted by Oommittee P-1, on Standard Building Units. 


(SeRIAL DESIGNATION P-1B-25) 


1. GENERAL. 


1. The purpose of these specifications is to define the requirements 
for concrete brick to be used in construction. 

2. The word “concrete” shall be understood to mean portland-cement 
concrete. 

3. The average compressive strength of concrete brick 28 days after 
being manufactured or when shipped shall not be less than 1,500 lb. per 
sq. in. of gross cross-sectional area as laid in the wall, and the compressive 
strength of any individual brick shall be not less than 1,000 lb. per sq. in. 
of gross cross-sectional area as laid in the wall. 

4. The gross cross-sectional area of a brick shall be considered as the 
product of the length times the width of the unit as laid in the wall. 

5. Concrete brick shall not absorb more than 12 per cent of the dry 
weight of the brick when tested as hereinafter specified except when they 
are made of concrete weighing less than 125 lb. per cu. ft. For brick 
made of concrete weighing less than 125 lb. per cu. ft., the average absorp- 
tion in per cent by weight shall not be more than 12 multiplied by 125 
and divided by the unit weight in pounds per cubic foot of the concrete 
under consideration. 

6. Specimens for tests shall be representative of the commercial prod- 
uct of the plant. 

7. Five specimens shall be required for each test. 

8. The specimens used in the absorption test may be used for the 
strength test. 


2. METHODS OF TESTING. 


Absorption Test.—9. The specimens shall be immersed in clean water 
at approximately 70 deg. F. for a period of 24 hours. They shall then be 
removed, the surface water wiped off, and the specimens weighed. Speci- 
mens shall be dried to a constant weight at a temperature of from 212 
deg. to 250 deg. F. and reweighed. Absorption is the difference in weight 
divided by the weight of the dry specimens and multiplied by 100. 

Strength Test.—10. Specimens for the strength test shall be dried 
to constant weight at a temperature of from 212 deg. to 250 deg. F. 


_ *This specification has been a tentative standard for a year. The conven- 
tion, on February 26, 1925, adopted it to be sent to letter ballot as standard. 
Letter ballot was canvassed May 28, 1925. 
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11. The specimens to be tested shall be carefully measured for overall 
dimensions of length, width and thickness. 

12. Bearing surfaces shall be made plane by capping with plaster of 
paris or a mixture of portland cement and plaster which shall be allowed 
to thoroughly harden before the test. 

13. Specimens shall be accurately centered in the testing machine. 

14. The load shall be applied through a a bearing block placed 
on top of the specimen. 

15. Metal plates of sufficient thickness to Peet appreciable bending 
shall be placed between the spherical bearing block and the oe. 

16. The specimen shall be loaded to failure. 

17. The compressive strength in pounds per square inch of gross 
cross-sectional area is the total applied load in pounds divided by the 
gross cross-sectional area in square inches. 


ACTION ON STANDARDS. 

The following specifications were adopted to be sent to letter ballot 
at the annual convention February 24-27, 1925. The ballots, canvassed 
May 28, 1925, indicate that all were adopted as Standards of the American 
Concrete Institute. 


Standard Specifications for Concrete Drain Tile (P7B-25) (See 
Vol. 20, p. 678.) 


Standard Specifications for Two-Course Portland Cement Con- 
crete Pavement for Highways (S6B-25). (See Vol. 20, p. 70.)* 


Standard Specifications for One-Course Portland Cement Con- 
crete Street Pavement (S6C-25). (See Vol. 20, p. 716.)* 


Standard Specifications for Two-Course Portland Cement Con- 
crete Street Pavement (S6D-25). (See Vol. 20, p. 724.)* 


Standard Specifications for Portland Cement Concrete Sidewalks 
(C2B-25). (See Vol. 20, p. 732.) 


Standard Specifications for Concrete Building Block and Building 
Tile (P1A-25). (See Vol. 20, p. 663; also p. 602, this volume.) 


Standard Specifications for Concrete Brick (P1B-25). (See Vol. 
20, p. 666; also p. 604, this volume.) 


“Also see footnote on p. 537 of this volume. 
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A LETTER FROM Sir B. Owen WILLIAMS, BUILDER OF THE 
WEMBLEY EXPOSITION. 


5, S4, Georges Rd., 
Westminster, 
Saves 


27th January, 1925. 
DEAR Mr. LINDAU: 


I was gratified to receive your kind invitation on December 9th in- 
viting me on behalf of your Institute to attend the annual Convention in 
Chicago at the end of February. I delayed replying as circumstances at 
that date did not permit me a definite decision. I received your cablegram, 
and with much regret I had to wire you my inability to accept your invi- 
tation. 

I am responsible for the Amusement Park in the Paris Exhibition of 
this year, and in addition the British Empire Exhibition at Wembley is 
re-opening. Both Exhibitions are opening in April, and absence from 
England for the prolonged period necessary to visit you would be unfair 
in the extreme to my clients. 

I can hardly express with what feelings I would have met in the flesh, 
fellow workers of another continent, with whom I am daily in contact in 
the spirit through the medium of the common material in which we work. 
Workers in the same medium must always be kindred, but workers in a 
material in its nursery days with all its problems and difficulties to solve 
are truly brothers. 

In all progress there is lag between demand and supply. Industrial 
conditions have made big demands on the building industry. Nature has 
provided concrete to meet these demands. The world hesitatingly accepts 
the new material. This is but the inevitable lag, and I am confident we 
may look forward to a future in which concrete is the predominant 


material. 
I wish your convention every success, and at some future date hope 


to meet you. 
Sincerely yours, 
K. Owen WILLIAMS. 
A. E. LinpAu, Esq., 


President, 
American Concrete Institute, 
Detroit, U.S. A. 
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BUSINESS REPORTS 


ANNUAL Report oF THE BoaRD or DIRECTION TO THE MEMBERS 
OF THE AMERICAN CONCRETE INSTITUTE AS OF FEBRUARY 1, 1925. 


Perhaps the best barometer of the progress of the Institute in the 
convention year just closing is in the increased membership, not only in 
this country but abroad, including all classes of workers interested in the 
solution of the technical problems in the uses of cement. 

While the Institute’s fiscal year ends June 30, it is interesting to 
consider the growth as between conventions. Between Feb. 1, 1924, and 
Feb. 1, 1925, our membership shows a net increase of 264. A summary of 
membership progress in the last five years is as follows: 


Hebe R92 08 ery ere: Wemibershipy snares 428 
Heb. ae O 2] geese see Membershiprrnriter eee 627 
Bebo ly glO 228 renee eae Members hipry seit ere 806 
Hebsaioel 02 3ueenre opera Membership............ 981 
He Dial LO 2A arrears Membershipmesrinomcenr 1,161 
Hebd. l925 ae ete MWembershipm manera 1,425 


(In the month of February, 1925, 117 applications were received for 
active membership and 5 for supporting membership; in March, 39 for 
active membership and 1 for supporting membership with losses by resigna- 
tion and death which bring our membership April 1, 1925, to 1,469 active 
and 110 supporting, a total of 1,579.) 

Obviously the responsibility of the Institute increases with the number 
who look to the organization for technical help in the field of concrete. 
With that in view, it will be the policy of the directors to make use of 
every practical means to keep in touch with the desires of the membership 
as to problems to be studied and to report as promptly as possible through 
individual papers and committee reports not only the results of technical 
research, but in addition (realizing the double responsibility of the organ- 
ization) to see that the Institute Proceedings record the progress in the 
application to practical work of this knowledge developed through research. 

Our twenty-first annual convention as it will be recorded in the Pro- 
ceedings, Volume 21, constitutes the best report of the technical activities 
of the Institute and of the scope of the work being done. It is obvious that 
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this work must, through the Advisory Committee’s activities, be so corre- 
lated and directed as to keep our convention program more and more open 
to the discussion of current problems of good practice. 

With the increased membership in both active and supporting classes, 
the financial resources of the organization have increased and the financial 
condition of the organization is satisfactory as is indicated in the report of 
the auditor, Albert E. Horne, for the fiscal year ended June 30, 1924, which 
is appended. 

A much larger number of supporting members is desirable, in view of 
the fact that active membership dues are scarcely sufficient to meet the 
increased publication and overhead expenses entailed by the increased work 
involved, so that any new work to be undertaken by the organization is 
largely dependent upon increase in supporting memberships. 


ALBERT E. HORNE 
PUBLIC ACCOUNTANT 
115 HAGUE AVENUE 
DETROIT 


Derrorr, Micu., July 28, 1924. 


Mr. Harvey Whipple, Treasurer, 
American Concrete Institute, 
Detroit, Michigan. 


DEAR SIR: 


In accordance with your instructions, I have made an examination of 
the books and records of the American Concrete Institute for the period 
from July 1, 1923, to June 30, 1924, and find all in order. 

The results are set forth in accompanying statements marked Ix- 
hibits “A,” “B,” and “C.” 

The Cash in Bank amounting to $2,535, as shown by the Cash Book, 
was verified by reconciliation with the statement rendered by your bank 
as of June 30, 1924. During the examination paid checks were seen for 
all disbursements. 

The remaining items in the statement of condition are shown in ac- 
cordance with the records and have not been further verified. 

The statement of the condition of Exhibit “A” is in accordance with 
the records and in my opinion shows the true financial condition of the 


Institute as of June 30, 1924. 
Respectfully submitted, 


(Signed) A. HE, Horne, 
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EXHIBIT AY? 
AMERICAN CONCRETE INSTITUTE. 
STATEMENT OF CONDITION. 
June 30, 1924. 


ASSETS. 
Cash: 
Tid “Bank: 2 20 e eg ee ee eee $2,535.00 
Tinprest’ Cash 2 2: acco ts ee 300.00 
Total Cash = My See e oas ce eee ee $2.835.00 
U.S. Treas. Certificates’ =) 2 e ee ee 7;500.00 


Accounts Receivable: 
Active Members—146 @ $10.00; 3 @ $20.00.... $1,520.00 


Contributing Members—3 @ $50.00 ~........... 150.00 
Miscellaneous: 31. 15h Oe eee 195.29 
Totaleo ts PRY EMOTE AS eee ne 1,865.29 


Inventories: 


Proceedings Prior to 1919—418 @ $0.50........ $209.00 
Proceedings, 1919-1922—474 @ $1.00 .......... 474.00 
Proceedings, 1923—158 @ $3.50 ............... 553.00 
Journals, 1914-15452 @ $0.10 .........:..... 45.20 
Total! .. PvAi/ sesites.cet ae eee ee 1,281.20 
Total- Assets, .J2-.- 02 a8 Seaicnad aera ee ae eee ee ee $13,481.49 
LIABILITIES. 
Deferred: 
Printing Proceedings, 1924 (Est.) ............. $5,300.00 
Dues: Paid cin-Advance: ne. 00s eee eae ee 390.00 
Reserve: 
For Loss of Delinquent Members .............. 1,200.00 
Surplus! 3.2 «ic. 2p we <i See ee eee 6,591.49 
Total ‘Diabilities~<-2.c ce) to ee eee $13,481.49 
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EXHIBIT “B.” 
AMERICAN CONCRETE INSTITUTE. 
CASH RECEIPTS AND DISBURSEMENTS. 
July 1, 1928, to June 30, 1924. 
As Shown by Cash Book. 
RECEIPTS. 
CashsOnehan dec Un ers O23 treme weet: Rees ween ote eee RS ete $4,513.46 
WeriiICALCSm Resi ae J Pare aan toes aes. whey RE 3.00 
IDCs INRA CULV Clan et ee eens Simeety sy In ere nie. May et OE a Nee 11,370.50 
Dieses COMUMID UCI C Mee ter eee at meer ee aw trsee ©. 08a tee ee ane 5,850.00 
IEPA) OFT TSH FS NSE a pe tanta Seo ase Cacti es ae ate ote can Ceara ace 527.88 
HSE OC ECCI Sie cp tee reat Uae tenn oa GNTO Ae ES onal CIO oA Re 1,392.72 
Tntenestebiained wea costs. cin hacen Alecia are ee eee Ee 352.80 
WEBS ee Dredge Cenciticavessn. cre aime coe okt Wen gn, Satake 1,000.00 
PAO ce EM ONOUR CEES a MUNA (tains Ae cece RA Mo PMS ee cpr Ose Roe 2,995.35 
MMO talARCCOTpESs crtanecrs ecketere Metis ashe Mats, SVR Rh ice, | Ben eiemateabre $28,005.71 
DISBURSEMENTS. 

Cerin Caesars clin ch aeheeghaas Notts 2) etna Baa ehey cake $0.75 

Convention me sear csiy keane snai a ulead Pah eke ease ste ae sl et 846.31 

Pixchaneeet-ri- « CRD Ses Cee eae tO Meenas Care eg ean ran 13.12 

WaSeeTrede. Certificates. ..aeac cane boners ices testes 5,500.00 

Nabe hines Protection (ASSN) c-is vetasce.ae mt cia esis = 60.00 

ISO ILD setae tete oe ip ole te ene RRR 2 AOR RISO 67.50 

BOUCME SECA A UL CHS tn cedne aqeiees che creamer ran cael 50.00 

Iinbenes taal trae shes ei crores Gia hee mies cites Skene ue 99.78 

MBO LBD SOONGE! Rudin nitro opiate o aaa ae Maley oe comic D one 146.35 

Pea ORES Gagivad's ob dono domn ad zoo ance ee mma omguge 550570) 

Cee TORS NEE. ho. oii. Go TIRCIIS A boos BIN Bis once 487.21 

TRORIAEO™ Soy Saw otitis Ob oop to od ca oERIGIIO Oo cia MeNnineee te co 660.46 

Printing, Multigraphing, Stationery and Sales Letters 2,600.25 

DRONES, Hawa d a6 bode onde Oe oena ce ous Uae oo ecooe 4,239.68 

TEYVIUE! agreed) oaPae ND tN O Oat a reo cee ene ie onc ofS 379.92 

DS alawlenossas, went oe Ate Me ae Reel Ter SOON ik ch 5,309.08 

Ihe bine (qi G ooauesdes acon gaen eee eyes OE 240.92 

ingore mae? IDO; ona os poo oo ee on bev cameos ues ces 272.51 

Mu Aenbkercenay veel Soe ase odinge on aos oo ee a er 2,995.35 

$25,519.89 

basa Dy eearime, IBEhAl  os esos ee ba doen aoe ano 49.18 
orale Dic irscimenGsle, o.0 sea teen Aba Gata ee $25,470.71 


Gash in Bank June 30; 1924 9-000 -5- 55... - 22 ee. 2 see oe 
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EXHIBIT “C.” 
AMERICAN CONCRETE INSTITUTE. 
Reconciliation of Bank Account. 
June 30, 1924. 


Balance July, 11923. 22 33-55 es Se eee $4,513.46 
Receipts July 1, 1923, to June 30,1924"... .unes ae eee 23,622.04 
Total sew sats nty tases oe ei ee ee $28,135.50 
Disbursements from July 1, 1923, to June 30, 1924 .......... 25,600.50 
edger Balance) June. 3010240 eee $2,535.00 
Add—Checks Outstanding: 

NOV2983" Holre es goin eke or eta OE ee eae $28.35 

Chae Lo) Sanaa Mipsis rR SOc miak a de 33.00 

INO. 985%. .5 ccisnte ee een ne en eae 28.69 
90.04 
Bank Balance as per Statement June 30, 1924 ....... $2,625.04 


LIST OF REGISTRANTS. 


An asterisk (*) designates a member. 


*ABRAMS, Durr A., 1951 Madison St., Chicago, Il]. 

* ADAMSON, R., Hydro Hlectric Power Com. of Ont., 60 Forest Rd., Toronto, Can. 

*AHLERS, JOHN G., Barney-Ahlers Const. Corp., 110 W. 40th St., New York, N. Y. 
AIKEN, R. J., Aiken & Inness, Box 550, St. Catherines, Ont., Can. 

ALBRECHT, RALPH W., 125 Reservoir St., Milwaukee, Wis. 

ALLEN, J. M., Salt Lake City, Utah. 

*ALLUN, LESLIE H., Hawthorne Roofing Tile Co., 2136 S. 48th Ave., Cicero, Ill. 
*ALLEN, W. D. M., Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
*ANDERSON, LOUIS, JR., Alpha Portland Cement Co., Easton, Pa. 

ARMS, LEO M., Railways Bureau, Portland Cement Assn., Chicago, Ill. 
*ATWATER, RALPH W., McClellan & Junkersfeld, 68 Trinity Place, New York, N. Y. 
*BARTHOLOMBW, TRACY, Mellon Institute, Pittsburgh, Pa. 

*BARITHLL, GEO. S., Universal Portland Cement Co., 210 S. La Salle St., Chicago, 

Tl. 

Bates, M. R., Fuel Mason Supply Dealer, Westmont, Il. 

BatsEs, P. H., U. 8S. Bureau of Standards, Washington, D. C. 

*Baunr, E. E., University of Illinois, 205 Highway Lab., Urbana, Il. 

*BucKk, ADAM L., Indiana Portland Cement Co., Indianapolis, Ind. 

*Bunsy, FRANK F., Cement Gun Constr. Co., 587 S. Dearborn St., Chicago, Ill. 
BeGes, NoRMAN, Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
BENO, JoSHPH P., 1239 Circle Ave., Forest Park, Il. 

Bentz, C. L., Sanitary District of Chicago, 4415 West End Ave., Chicago, WI. 
*Burcur, P. S., Priester Constr. Co., 1006 Kahl Bldg., Davenport, Iowa. 
*BpRNIDR, NAPOLHON M., 411 Walden St., Cambridge, Mass. 

*BwRNS, MAX A., Universal Portland Cement Co., 210 S. La Salle St., Chicago, 

Ill. 

BuRDACK, WARREN 1, Rock Falls, Ill. 

BRInN, M. J., 207 E. Ohio St., Chicago, Ml. 

*BJOINDAHL, RICHARD, 175 19th Ave., Moline, Ill. 

BLAIND, ETHEL E., Asst. Sec’y, American Concrete Institute, 1807 H. Grand 

Blvd., Detroit, Mich. 
*BoDIMpR, HuG., Massey Concrete Products Corp., Peoples Gas Bldg., Chicago, Ul. 
*Bocun, Ropprt H., Portland Cement Assn., Bureau of Standards, Washington, 
Oy (Os 

*Bourne, C. L., Portland Cement Assn., 111 W. Washington St., Chicago, Tl. 

*BoyaJouN, H. M., Boyajohn & Barr, 503 Brunson Bldg., Columbus, O. 

*Boypr, Hpwarp D., Atlas Portland Cement Co., 25 Broadway, New York, Ne. 

*BRADSHAW, GpoRGH L., Independent Block & Cement Co., 2102 S. Harding, 

Indianapolis, Ind. 

*Bracanr, W. Y., Sandusky Cement Co., Cleveland, O. 

*BRANDTZAnG, A., University of Illinois, 808 W. Indiana Ave., Urbana, Tl. 

*BRASSHRT, WALTER O., Michigian Silo Co., Bloomfield, Ind. 

BRENNAN, MARTIN H., 1426 B. 66th Place, Chicago, Ill. 

BrpeweER, R. D., Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
*BRICKHTT, EDWARD M., Univ. of Ill, No. 300 L. A. M., Urbana, Th. 
*Brockurt, R. M., C. A. Brockett Cement Co., 2035 BE. 19th St., Kansas City, Mo. 
*Brockway, R. R., 616 6th St., So. Bast., Bridge Dept., N. P. Ry., Minneapolis, 


Minn. - 
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*Brokyr, A. E., Badger Cement Tile Co., Plymouth, Wis. 
Brown, J. F., llinois Steel Co., 8426 BH. 89th St., Chicago, Ill. 

*BRUNDAGH, AVERY, 110 S. Dearborn St., Chicago, Ill. 

*BUENTE, C. F., Concrete Products Co. of America, Pittsburgh, Pa. 

*BURNS, D. F., Galien Concrete Tile Co., Fort Dearborn, Mich. 

*CAMPBDLL, S. A., Ridge Construction Corp., 251 Elmdorf Ave., Rochester, N. Y. 
CopoacH, M. E., Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
CarbyY, Burt & Co., Circle Ave., 7 14th St., Forest Park, Ill. 

*Carny, W. H., Carey Concrete Co., Wisconsin Rapids, Wis. 

CARLSON, Cart V., Victor Carlson & Sons, 534 Sec. Bldg., Minneapolis, Minn. 
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Chicago, Ill. y 

*CLOUSING, LOUIS, 213 City Hall, Minneapolis, Minn. 
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*COLLINS, D. R., Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
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*CurTIS, A. J. R., Portland Cement Assn., 111 W. Washington St., Chicago, Ill. 
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Davey, B. C., U. S. Materials Co., 1551 Kingsbury, Chicago, Ill. 
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Davis, H. L., I. C. R. R., 1769 Wilson Ave., Chicago, Ill. 

Davis, R. C., 906-226 W. Jackson St., Chicago, Il. 
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*DowDALu, BH. J., Universal Portland Cement Co., 210 S. La Salle St., Chicago, 

ini 

DupeGHon, O. A., Westmont, Ill. 

*DUGAN, CHAS. B., National Steel Fabric Co., 1118 Straus Bldg., Chicago, I]. 
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*DURANT, GRANT J., Froehling & Robertson, Inc., 815 E. Franklin St., Rich- 
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eago, Il. 
*KONSTANT, NICHOLAS Z., 1473 Carmen Ave., Chicago, Ill. 
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Krist, O. H., A. W. French & Co., 208 N. Clinton St., Chicago, Ill, 

KROHNE, FRANK C., 495 21st Ave., Milwaukee, Wis. (Prestone Co.) 

KUEGLE, PAUL C., The Buckeye Land Co., Youngstown, O. 

KUBSTEN, E. F., Roseland Concrete Products Co., 12110 S. Michigan Ave., Chi- 
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*Lovine, M. W., American Concrete Pipe Assn., 111 W. Washington St., Chi- 
cago, Ill. 

*LOWELL, J. W., Universal Portland Cement Co., Chicago, Ill. 

*McCCULLOUGH, F. M., Carnegie Institute of Technology, Pittsburgh, Pa, 

*McFALL, H. C., Atlas Portland Cement Co., 134 S. La Salle St., Chicago, Il. 
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apolis, Minn. 

*MACK, THOS., Rezilite Mfg. Co., 122 S. Michigan Ave., Chicago, Ill. 
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Meyer, R. W., Atlas Portland Cement Co., 134 S. La Salle St., Chicago, Il. 
*MINER, JOSHUA L., Atlas Lumnite Cement Co., 814 Second Pl., Plainfield, N. J. 
*MITCHELL, NOLAN D., U. S. Bureau of Standards, Washington, D. C. 
*MITCHELMORE, A. A., Hastings, Neb. 
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delphia, Pa. 
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*NOBLE, THOS. W., 35 S. Dearborn St., Chicago, Ill. 
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OLTENDOREF, E. H., Blgin Cast Stone Co., Hlgin, Tl. 
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PEcK, Roy, 30 E. Cedar St., Chicago, Ill. (Portland Cement Assn.) 
*PETERSON, N. J., Ideal Cement Stone Co., Omaha, Neb. 

*PrYTON, CuAs, Marquette Cement Mfg. Co., 140 S. Dearborn St., Chicago, Tl. 
*PLAGWIT, Eric, The Rust Engineering Co., 311 Ross St., Pittsburgh, Pa. 
PLEMMoRES, L. R., C. & N. W. Ry. Co., 226 W. Jackson St., Chicago, Ill. 
PoOLLAK, M. A., Continental Cement Tile Co., 310 S. Michigan Ave., Chicago, Ill. 
PortmrR, G. W., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Ill. 
*POMEROY, E., Windsor Concrete Products Co., Windsor, Conn. 

Porter, H. W., Zion Inst. & Industrie, Zion, Il. 
*POWERS, JOHN M., Sterling, Ill. 

PROED, JOHN G., Indianapolis, Ind. 
*PRIESTHR, O. F., Priester Construction Co., Davenport, Ia. 


*PUTMAN, U. B., ‘Asher Fire Proofing Co., 815 15th St., Washington, D. C. 
QUEBBEMAN, Epwarpb, Universal Portland Cement Co., 210 8. La Salle St., Chi- 
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RAncone, A. §., 948 La Trobe Ave., Chicago, 111. 

RAnow, Nits A., Arentorp, Sweden. 
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*RICHART, F. H., University of Il., 300 Lab. of Applied Mech., Urbana, Il. 

RicHMonD, J. F., C. B. & Q. R. R. Co., 547 W. Jackson Blvd., Chicago, Ill. 
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RIDDEWOLD, A. S., Schmidt Garden & Martin, 1515 Monroe Bldg., Chicago, Il. 
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*ToRras, M. C., Universal Portland Cement Co., 210 S. La Salle St., Chicago, Il. 
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Tucker, A. L., Buhl Machine Co., 645 S. Dearborn St., Chicago, Ill. 

*TuRNm»R, C. A. P., 300 Builders Wxchange Bldg., Minneapolis, Minn. 
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BRUNSWick Tite Corp., 17 E. 42nd St., New York City. (Claude 
Rothery. ) 
Bryant, Henry F., 334 Washington St., Brookline, Mass. 
Buck, Inc., R. C., U. S. National Bank Bldg., Superior, Wis. 
BUERKIN & BUERKIN, 721 Maine St., Quincy, Ill. (Julius A. Buerkin.) 
BUFFALO SLAG Co., 1070 Ellicott Sq., Buffalo, N. Y. (H. N. Snyder.) 
BurraLo WasH TRAY WorKS, 601 Tonawanda St., Buffalo, N. Y. (M. J. 
Deutsch. ) 
Buim_pinG INSPECTOR OF MINNEAPOLIS, 213 City Hall, Minneapolis, Minn. 
(Louis Clousing. ) 
Burer, A. W., 351 Beaconsfield Ave., Montreal, Que., Canada. 
Burns, Homer S., Freeport, Texas. (Freeport Sulphur Co.) 
BurroucuHs, H. Ropins, 70 E. 45th St., New York City. 
Burton, THOMAS E., 1117 Woodrow, Wichita, Kan. (Kansas State High- 
way Dept.) 
Butter, D. B., 6 Earl St., Westminster, 8. W. 1, London, England. 
BurLer Bros. Bryce. Co., Hamm Bldg., St. Paul, Minn. (Walter Butler.) 
Butter Bry Co., 154 Wisconsin Ave., Waukesha, Wis. (Morgan R. But- 
ler. ) 
BurrerricLp, E. E., 68 Huebers Point Ave., Long Island City, N. Y. 
Caccta, WALTER, 503 W. Union St., Bethlehem, Pa. 
CALIFORNIA TYLITE Co., 4707 Hollywood Blyd., Los Angeles, Calif. 
*CaLUMER STEEL Co., 208 S. LaSalle St., Chicago, Il. (A. 8. Hook.) 
CAMPBELL, JoHN T., 1111 Union Bank Bldg., Pittsburgh, Pa. (J. N. Ches- 
ter, Engineers. ) 
CAMPBELL, S. A., 251 Elmdorf Ave., Rochester, N. Y. 
GAMPBELL-WHITAKER Co., 501-511 S. W. 3rd Ave., Miami, Fla. (Att.: D. 
A. Campbell, Pres.) 
Campion Co., E. S., Inc., New Hartford, N. Y. (Edward S. Campion. ) 
*CanaDA CEMENT Co., Lrp., Montreal, Que., Canada. (H. S. Van Scoyoce. ) 
CANADIAN NATIONAL Parks BRANCH, Dept of the Interior, Ottawa, Can- 
ada. (J. B. Harkin.) 
GANFIELD, Luoyp A., 406 Flynn Bldg., Des Moines, Ia. 
Canon, F. Euceng, 889 S. 17th St., Newark, N. J. 
Canron Brock & Tite Co., Canton, So. Dak. (EH. D. Rowe.) 
CapopacH, ALBERTO, R. F. D. 2, Ludlow, Mass. 
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CaREY CONCRETE Co., 348 Grand Ave., Wisconsin Rapids, Wis. (W. H. 
Carey.) 
*Cargy Co., THE Puitrp, Lockland, Cincinnati, Ohio. (C. V. R. Fullen-— 
wider. ) F 
Carey Co., Puitip, Lockland, Cincinnati, Ohio. (C. V. R. Fullenwider.) 
CARLSON Co., Ernest F., 244 Main St., Springfield, Mass. (Ernest F. 
Carlson. ) 
CARNEGIE Land Co., 357 Frick Annex, Pittsburgh, Pa. (Roger H. Mc- 
Gee. ) 
JASE SCHOOL OF APPLIED ScIENCE, Cleveland, Ohio. (F. H. Neff.) 
Casey Co., Joun F., P. O. Box 1753, Pittsburgh, Pa. (Samuel Leslie 
Fuller.) 
CASPER RANGER CONSTRUCTION Co., 20 Bond St., Holyoke, Mass. (John 
E. Bathelt.) 
Castone Propucts Co., Grand Rapids, Mich. (Geo. T. Wilhelm.) 
Cast Stone BLock & MACHINE Co., Erp., Windsor, Ont. (F. J. Kinzin- 
ger.) 
Casr Stone Co., 403-4 Commerce Bldg., St. Paul, Minn. (Harry G. 
Krum.) 
CarLert, Ricuarp H., Secruity Cement & Lime Co., Hagerstown, Md. 
Cayre CONSTRUCTION Co., INc., 356 Fulton St., Brooklyn, N. Y. (Webster 
J. Caye.) 
CELITE PRopucts Co., 1135 Van Nuys Bldg., Los Angeles, Calif. (R. J. 
Wig, Vice-Pres. ) 
Cr-Lock Concrete Units Corp., 601 Hyde Bldg., Spokane, Wash. (Wm. 
A. Wells.) 
CEMENT-GUN Co., Inc., Allentown, Pa. 
Cement GuN Const. Co., 537 S. Dearborn St., Chicago, Ill. (J. V. Schae- 
fer, Pres.) 
Cement Stone & Supply Co., 1447 N. Meade, Wichita, Kan. (B. F. 
Krehbiel, Mgr. 
CEMENTILE Roorine Co., 857 W. 44th St., Norfolk, Va. (A. LeB. Ribble.) 
CEMENT Propucts Co., P. O. Box 935, Birmingham, Ala. (G. L. Cox, 
Pres.) 
CEMENT Propucts Co., Winter Haven, Fla. (L. B. Taaffe. ) 
Cement Propucts Co., Tur, 207 W. 4th St., Davenport, Ia. (Austin 
Crabbs. ) 
CEMENT PRopucts Co., Box 123, Wilmington, N. C. (George E. Kidder.) 
CERESIT WATERPROOFING Corp., 10 S. LaSalle St., Chicago, Ill. (J. Kent 
Wilson. ) 
Cuace, E. M., No. 702 Southern Ry. Bldg., Cincinnati, Ohio. 
*CHAIN BELT Co., 736 Park St., Milwaukee, Wis. (Sam Shafer.) 
CHaMier, A. U., 1215 N. Tacoma Ave., Indianapolis, Ind. 
CHAPMAN, CLoyp M., 171 Madison Ave., New York City. 
CHAPMAN, Howarp, 315 5th Ave., New York City. 
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CHAPMAN & OxteEy, 506 Harbor Comm. Bldg., Toronto, Ont. (J. Morrow 
Oxley. ) 

CuHapPesr, F, K., B, E., M. R. San S., A. M. Inst., E., Dosabhoy Con- 
tractor Bldg., Parsi Colony, Wadala Rd., Bombay, India. 

Cuicaco Concrete Post Co., Lawrence, Lamon & Leland Aves., Chicago, 
Ill. (Paul K. Fleming, Pres.) 

Cuicaco GRAVEL Co., 1109 Fisher Bldg., Chicago, Ill. (F. W. Renwick, 
Pres.) 

Cuirrenpon, Howarp E., Main St., Clinton, Conn, 

CHRISTENSEN, Ernar, 79 Richmond Ave., Lockport, N. Y. (Cinder Prod- 
ucts Corp.) 

Cuuss, JOSEPH, 210 S. LaSalle St., Chicago, Il]. (Universal Portland 
Cement Co.) 

CraMpPa, FELIX A., 101 Park Ave., New York, N. Y. (EH. E. Seelye.) 

CINCINNATI BuILDERS Supply Co., 534 Main St., Cincinnati, Ohio. (F. H. 
Kinney. ) 

CISSEL, JAMES HarLAn, 113 S. State St., Ann Arbor, Mich. (University 
of Michigan.) 

CLAPPER, Lyle, 1350 Arthur St., N. E., Minneapolis, Minn. (Standard 
Concrete Tank Co.) 

Criarr, Mires N., 5247 Market St., Philadelphia, Pa. (Drexel Institute of 
Art, Science & Industry. ) 

CLarKk, B. E., 402 First National Bank Bldg., Oklahoma City, Okla. (Dist. 
Ener., Portland Cement Assn.) 

Cuark, Cuas. A., 307 Southwestern Life Bldg., Dallas, Texas. (Dist. 
Engr., Portland Cement Assn.) 

CLARK, Ropert J., Hinckley, Il. 

CLARK Cement & Concrete Const. Co., Suite 2, Balford Bldg., 634 S. 
Western Ave., Los Angeles, Calif. (H. K. Koehig.) 

CLARKE, Stewart & Woop Co., 254 Irwin Road, Lexington, Ky. (Chas. 
O. Wood.) 

CuarKE, T. E., North Lonsdale P. O., B. C., Canada. 

CLAUSSEN, CARLOS F., Casilla 185, Valparaiso, Chile. 

Crea, Gro. R., 507 Stambaugh Bldg., Youngstown, Ohio. 

Crements, M. F., Room 1204 Northern Pacific Railway, St. Paul, Minn. 

Cremer, H. F., 100 Washington St., Springfield, Il. 

Crirrorp & RorBLad, 101 Tremont St., Boston, Mass. (Walter W. Clif- 
ford. ) 

*CLINCHFIELD PorTLAND CeMENT Corp., Kingsport, Tenn. 

Coss, Louis R., 310 N. Fullerton Ave., Montclair, N. J. 

CocKERELL, B. F., 1016 Baltimore, Kansas City, Mo. (Comer-Cockerell 
Metal Lath Constr. Co.) 

Cockey, J. P., 407 N. Blount St., Raleigh, N. C. 

CoppINGTON ENGINEERING Corp., 290 3rd St., Milwaukee, Wis. (Samuel 
C. Coddington. ) 

Cor, THoMAS H., Box 806, Providence, R. I. (0. D. Purington & Co.) 


7% 


632 List or MEMBERS. 


Cocnets & Co., Louis Drs, 413 E. Main St., Lexington, Ky. (E. R. 
Ackerman, Sec’y-Treas. ) 
Couen, A. B., 1 Madison Ave., New York City. 
Cotiizr, IRA L., 6019 34th Ave., N. E., Seattle, Wash. (Univ. of Wash- 
ington. ) 
Cottines Co., W. A., P. O. Box 286, Santa Monica, Calif. (W. A. Col- 
lings, Mgr.) 
CoLMAR, DANIEL, Tivoli St., Albany, N. Y. (Ramloc Stone Co., Inc.) 
“COLORADO PORTLAND CeMENT Co., THE, Ideal Cement Bldg., Denver, Colo. 
(R. J. Morse.) 
COMMONWEALTH PoRTLAND CEMENT Co., Lrp., 4 O’Connell St., Sydney, 
N.S. W., Australia. (Fred J. Beardmore, Secy. ) 
CoNAHEY, GrorGE, Port Norris (Cumb. Co.), N. J. (Field Engr., Portland 
Cement Association. ) 
“CONCRETE,” 1807 E. Grand Blvd., Detroit, Mich. (Harvey Whipple, Edi- 
tor.) = : 
CoNnoRETE BuILpIne Units Co., 1129 Garfield St, Oak, Park. Ml. «(B: 
Huxold, Secy.) 

CONCRETE CONSTRUCTION Pry., Lrp., 360 Collins St., Melbourne, Australia. 
(John Gibson.) 

CoNoRETE Pipr Company, Board of Trade Bldg., Portland, Ore. (C. H. 
Bullen. ) 

ConcRETE Propucrts Co., P. 0. Box 63, Des Moines, Ia. (Otto E. Brownell, 
Treas. ) 

ConcreTE Propucrs Co. or AMERICA, 805 Diamond Bank Bldg., Pitts- 
burgh, Pa. (C. F,. Buente.) 

CONCRETE SPECIALTIES Co., P. O. Box 330, Camden, N. J. (L. A. Good- 
_win, Sec’y-Treas. ) 

“CONCRETE STEEL Co., 42 Broadway, New York City. (John F. Have- 
meyer. ) 

CONCRETE STEEL Co., 42 Broadway, New York City. (Walter S. Edge.) 

CoNcRETE STEEL BRIDGE Co., 606-626 E. Pike St., Clarksburg, W. Va. 
(Frank E. McEnteer.) 

CoNCRETE STEEL ENGINEERING Co., 1904 Park Row Bldg., New York City. 
(William Mueser.) 

CONCRETE STEEL FIREPROOFING Co., 608 Lincoln Bldg., 333 State St., De- 
troit, Mich. : 

ConcRETE TILE MAcuHINERY Co., 2137 S. 48th St., Cicero, Ill. 

ConcRETE Units Co., Howard and Plummer Sts., Hammond, Ind. (Law- 
rence Cox, Secy.) 

Conpron & Post, 53 W. Jackson Blvd., Chicago, Ill. (C. L. Post.) 

CONSTRUCTION MACHINERY Corp., Waterloo, lowa. (A. M. Locke. ) 

CONSTRUCTION MACHINERY Corpr., Waterloo, Iowa. (L. A. Kliebenstein. ) 

CONSUMERS Supply Co., 42nd and State Sts., Milwaukee, Wis. (Herman 
E. Brown.) 
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CoNWELL & Co., HE. L., 2024 Arch St., Philadelphia, Pa. (E. L. Conwell, 
Pres. ) 

Cooper, C. W., Luverne, Ala. 

Cooper, G. E., Barnesville, Ohio. (Supt. Cooper Construction Co.) 

Cooper & Co., INc., HueH L., 101 Park Ave., New York, N. Y. (Hugh L. 
Cooper. ) 

Cooper, W. R., 231 S. Broad St., Philadelphia, Pa. (Wark Co.) 

COPPERSTONE PRropuUCcTS Co., THE, 220 Albion St., Toledo, Ohio. (A. A. 


Bennett. ) 
CorBEN, H. J., City Hall, Darling St., Cape Town, Cape Province, South 
Africa. 


CorRBETT, ALEXANDER JOHN, “Pacific House,’ 249 George St., Sydney, N. 
S. W., Australia. (Clandulla Portland Cement Co.) 
Core Jornrv Concrete Pree Co., Inc., Irvington, N. J. (V. F. Amar.) 
CorImMEeR, ERNEST, Drummond Bldg., Montreal, Canada. 
Corripon, Josepu B., 1625 Arch St., Philadelphia, Pa. (Stone & Web- 
ster, Inc.) 
Cory, Russet G., 50 Church St., New York, N. Y. 
Cc. & S. Concrete Propucts Co., P. O. Box 2222, St. Petersburg, Fla. 
(L. HE. Carpenter.) 
CowreLtt Lime & Cement Co., Henry, 2 Market St., San Francisco, Calif. 
Cowper Co., THE JoHN W., Fidelity Bldg., Brooklyn, N. Y. (J. W. Cow- 
per.) 
Crare-Curtiss Co., THE, 4614 Prospect Ave., Cleveland, Ohio. 
“Cramp & Co., 801 Denckla Bldg., Philadelphia, Pa. (F. L. Durgin, Jr.) 
CRANDALL ENGINEERING Co., THE, 102 Borner St., East Boston, Mass. 
(J. Stuart Crandall.) 
CRANE, THEODORE, Yale University, New Haven, Conn. 
CRANFORD, FREDERICK L., Inc., 149 Remsen St., Brooklyn, N. Y. (F. L. 
Cranford. ) 
Crary, ALEX P., 1958 Bogart Ave., Borough of Bronx, N. Y. (Thompson 
& Binger, Inc.) 
CreBe, W. G., 949 Scribner St., Grand Rapids, Mich. 
*CREsScENT PorTLAND Cement Co., Wampum, Pa. (David M. Kirk.) 
Crooks, SAMUEL IRWIN, JR., Maungawhau Road, Khyber Pass, Auckland, 
New Zealand. 
Cross, Harpy, Prof. of Structural Engineering, University of Illinois, 
Urbana, Il. 
Crown SIWEWALK & Biock Co., Inc., 2500 Washington St., N. E., Minne- 
apolis, Minn. (Harry A. Anderson.) 
*CROZIER-STRAUB, Inc., 102 W. 42nd St., New York, N. Y. (G. Edgar 
Allen.) 
Crum, R. W., Iowa State Highway Commission, Ames, Iowa. 
Cummrines, A. E., Room 1912, 111 W. Monroe St., Chicago, 1]. (Raymond 
Conerete Pile Co.) 
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CUMMINS, CHARLES A., 243 Calvert Bldg., Baltimore, Md. (Consolidated 
Engineering Co.) 

Curtis, A. J. R., 111 W. Washington St., Chicago, Ill. (Portland Ce- 
ment Assn.) 

DAHLBERG, B. G., 645 Michigan Ave., Chicago, Ill. (The Celotex Co.) 

Darwonr, Antuony J., 6114 16th Ave., Brooklyn, N. Y. (Atlas Art Stone 
Works. ) 

Damon, Aubert F., Jr., P. O. Bldg., Upper Darby, Del. Co., Pa. 

Danauer, W. E., 11 Goodell St., Buffalo, N. Y. (Turner Construction 

DANAHER, W. E., 111 Goodell St., Buffalo, N. Y. (Turner Construction 
Co.) 

Daring, E. E., 47 Home Bank Bldg., Hamilton, Ont. 

DaruvaLa, J. P., 70 Trinity St., Dhobi Talao, Bombay, India. 

Davipson, JOHN M., 216 N. 3rd St., Morgan Park, Duluth, Minn. 

Davis, A. P., 505 Santa Ray Ave., Oakland, Calif. 

Davis, B. H., 17 Battery Place, New York City. (Bureau of Standards.) 

Davis, E. E., 1540 Transportation Bldg., Chicago, Ill. (E. E. Davis Co.) 

Davis, FREDERICK C., 515 Buena Vista Ave., San Francisco, Calif. 

DAVIS-HELLER-PEARCE Co., Delta Bldg., Stockton, Calif. (H. Y. Davis.) 

Davis, Herperr A., 1662 Park Rd., Washington, D. C. (Washington Con- 
crete Products Corp.) : 

Davis, WATSON, 1442 Rhode Island Ave., N. W., Washington, D. C. 

Davison, R. GLENN, Jamesburg, N. J. 

Daw, E. A. H., Somerset House, 9 Martin Place, Sydney, Australia. 
(Expanded Steel & Concrete Products Co.) 

DAWES, EDWIN ALLEN, c/o Dawes Constr. Supply Co., Thomasville, Ga. 

Dawson, F. M., Lawrence, Kan. (University of Kansas.) 

Day, W. P., California Comm. Union Bldg., San Francisco, Calif. 

DEEDY, WALTER E., 901 Mills Bldg., El Paso, Texas. 

DEFRAIN SAND Co., 804 Finance Bldg., Philadelphia, Pa. (J. L. Durnell.) 

DEINBOLL, F. K., 1263 Brockley Ave., Lakewood, Ohio. 

DeLevuw, C. E., 111 W. Washington St., Chicago, Ill. (Kelker, DeLeuw 
& Co.) 

DeLL, Roperr B., 103 S. 6th St., Duquesne, Pa. (City Engineer. ) 

DENSMoRE, LoCLEAR & Roppins, 88 Broad St., Boston, Mass. (Henry C. 
Robbins. ) 

DENTON, ARTHUR P., 785 Market St., San Francisco, Calif. (Dist. Engr., 
Portland Cement Assn.) 

Denton & Co., 7 E. 42nd St., New York City. (P. E. Eisenmenger.) 

Denton, W. Epwarp, 3809 Alton Place, N. W., Washington, D. C. 

DEPARTMENT OF CIVIL ENGINEERING, University of Texas, Austin, Texas. 
(Dean T. U. Taylor.) 

DEPARTMENT OF THE INTERIOR, San Juan, Porto Rico. (Commissioner 
Guillermo Esteves. ) 

DESLAURIERS COLUMN MouLp Co., INnc., 233 Broadway, New York, N. Y. 
(Henry A. Dahlen.) 
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DESTREMPS, LOUIS G., 49 Borden Blk., Fall River, Mass. 
Detroit Epison Co., Detroit, Mich. (A. S. Douglas, Chief Engineer. ) 
Derroir Epison Co., 2000 Second Ave., Detroit, Mich. (M. A. Carabin, 
Librarian. ) ; 
Detroir Pustic Liprary, Woodward and Kirby Aves., Detroit, Mich. 
(Adam Strohm, Librarian.) 
DEWEY, GEORGE F., 61344 Ohio St., Cairo, Il. 
DEWEY PORTLAND CEMENT Co., Suite 301 Mutual Bldg., Kansas City, Mo. 
(F. E. Tyler.) 
DEXTER PoRTLAND CEMENT Co., Nazareth, Pa. (J. B. Brobston.) 
*DexTER PORTLAND CEMENT Co., 350 Madison Ave., New York, N. Y. (R. 
W. Hilles.) 
*DEXTER PORTLAND CEMENT Co., Nazareth, Pa. (Joseph Brobston.) 
DIAMOND ConcRETE Propuctrs Co., 42nd and Parker Sts., Omaha, Neb. 
(Frank Whipperman, Pres.) 
DIcKERSON, JOHN H., 139 Rector St., Elizabeth, N. J. 
DIECKMEYER, L. M., 4909 Parkview Place, St. Louis, Mo. 
DILLINGHAM, GrorcE H., 1734 Spruce St., Philadelphia, Pa. 
Dineman, CHAs. F., 15 Grove St., Palmer, Mass. (Palmer Constr. Co., 
Inc.) 
Di Srasio, JOSEPH, 136 Liberty St., New York City. (J. Di Stasio & Co.) 
DirvrMyeER, ALEX, 1213 Cora St., Joliet, Tl. 
Diver, M. L., San Antonio, Texas. 
Dixie ConcrETE Propucts Co., 1010 James Bldg., Chattanooga, Tenn. 
H. B. Springer.) 
*Dix1e PoRTLAND CEMENT Co., Chattanooga, Tenn. (Richard Hardy, Pres.) 
*Drxie PoRTLAND CEMENT Co., Chattanooga, Tenn. (Richard Hardy, Pres.) 
Dixon, DeForest, 244 Madison Ave., New York, N. Y. (Turner Construc- 
tion Co.) 
DocKSTADER, ERNES® A., 147 Milk St., Boston, Mass. (Stone & Webster.) 
DorLMAN, Herman F., 507 N. Charles St., Baltimore, Md. 
Dori~Man, R. E., 311 13th St., N. E., Washington, D. C. 
DonaLp, G. C., c/o Davenport Duntile Works, 613-617 Harrison St., 
Davenport, Ia. 
Donatpson, W. E., Rooms 261 and 262, Frick Annex, Pittsburgh, Pa. 
(Carnegie Steel Co.) 
Donatpson & MEIER, 1310 Penobscot Bldg., Detroit, Mich. (H. W. Meier.) 
Dononve, Jerry, 608 N. 18th St., Sheboygan, Wis. 
DoorirrLe, C. M., Dundas, Ont. (Canada Crushed Stone Corp., Ltd.) 
Dow CuemicaL Co., THE, Midland, Mich. (S. W. Putnam. ) 
DowbeELt, C. O., 79 W. Washington St., Chicago, THE 
Downer, Rosert G., Runnemede, Camden Com iNeed: 
Downs, ALLAN B., 61 Elm St., Lebanon, ING dale 
DoyiE, WILLIAM T., 128 N. Wells St., Chicago, Ill. 
DREHMAN Pavine Co., 2622 Parrish St., Philadelphia, Pa. (C. E. Dreh- 
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DRESSER-MINTON-ScoBELL Co., THE, 1082 The Arcade, Cleveland, Ohio. 
(J. H. Minton.) . 
Drew Co., Inc., Frep, Woodward Bldg., Washington, D. C. (Fred Drew.) 
DREYER, WALTER, 445 Sutter St., San Francisco, Calif. (Pacific Gas & 
Electric Co.) : 
Dusuo, N. P., JR., 1742 Ludlow Ave., Indianapolis, Ind. 
Ducnert, N. S., 12 Castlefield Ave., Toronto, Ont., Canada. 
DUFFERIN ConsTRUCTION Co., Ltp., Foot of Bathurst St., Toronto, Canada. 
(James Frances Chini.) 
(James Franceschini. ) ; 
Dunuap, R. M., 608 S. Dearborn St., Chicago, Ill. (Federal Cement. Tile 
Co.) 
Dunn, OswatLp T., 407 N. 6th St., Paducah, Ky. 
DUNNELLS, CLirrorp G., Head of Dept. of Bldg. Construction, Carnegie 
Inst. of Technology, Pittsburgh, Pa. 
Dunspon, A. C., ¢/o East Indian Railway House, 73 King William St., 
London, E. C. 4, England. 
Dupuy, ALBERTO, Apartado 893, Bogota, Colombia, S, A. 
DuquEsNE SLag Propucrs Co., Diamond Bank Bldg., Pittsburgh, Pa. 
(C. L. McKenzie.) 
Durron, C. B., Monadnock Block, Chicago, Ill. (Besser Sales Co.) 
Dwyer, JOHN R., Bureau of Standards, Washington, D, C. 
Earley, JOHN J., 2131 G St., N. W., Washington, D. C. 
EARLE, Lip., G. AND T., Wilmington, Hull, England. (G. F. Earle.) 
East Jersry Concrete Propuctrs Assn., Avon-by-the-Sea, N. J. (John 
Shapter, Secy.) 
EasTMAN Kopak Co., Rochester, N. Y. (C. K. Flint.) 
EBENER, FRITZ, Schonleinstrasse 3, Essen (Rheinland), Germany. 
Eppy Broruers, Building Block, Manorville, Pa. (D. A. Eddy.) 
“EDISON, THOMAS A., Orange, N. J. 
E@BERT, GEORGE W., JR., 1521 Cortelyou Rd., Brooklyn, N. Y. 
Keg, C. R., 111 W. Washington St., Chicago, Ill. (Portland Cement Assn.) 
EcetHorr, R. F., Turner Constr. Co., 11 Goodell St., Buffalo, N. Y. 
EuLERT, FE. H., 9119 Harvard Ave., Cleveland, Ohio. 
E1rzen, Henry R., 110 E. 42nd St., New York, N. Y. (Kalman Steel 


Co.) 

EKHOoLM, S. L., 896-902 Farrar St., Cadillac, Mich. (Helm Brick Machine 
Co.) 

ELDRIDGE, H. W., New City, Rockland County, Y. Y. (Cement-Gun Co., 
Inc.) 


ELForD, H., 555 Park St., So., Columbus, Ohio. 

ELK River Concretr Propucts Co., Elk River, Minn. (D. W. Long- 
fellow.) 

ELLOK CorporaTION, 956 Ellicott Sq., Buffalo, N. Y. (James G, Davis. ) 

EMLEY, WARREN E., 3705 Keokuk St., Washington, D. C. (Bureau of 
Standards. ) 
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EMMANUELOV, V. E., Bombay Municipality, Office of Works, Love-Grove 
Road, Worli, Bombay, India. 
ENGELMANN, L., Engr., 3644 33rd St., San Diego, Calif. 
Encrinerer, R. K., 39 Marine Line, Fort Bombay, India. 
ENGINEERING Dept., City of Rochester, N. Y., 52 City Hall, Rochester, 
N. Y. (E. H. Walker.) 
ENGINEERING EXPERIMENT STATION, University of Texas, Box L, Univer- 
sity Station, Austin, Texas. (H. R. Thomas.) 
ENGINEERING NewsS-ReEcorD, 10th Ave. at 36th St., New York City. 
(Frank C. Wight.) 
ENGLAND, JOHN, Gibbs Chambers, Martin Place, Sydney, N. S. W., 
Australia. ) 
Enastrom & Co., 1117 Chapline St., Wheeling, W. Va. (J. W. Wynn.) 
Essetstyn & Carey, 603 Hofman Bldg., Detroit, Mich. (H. H. Essel- 
styn. ) 
*EPTTINGER CONTRACTING Co., INc., 44 Court St., Brooklyn, N. Y. (Louis 
Ettinger.) 
EUPHRAT-HANLEY Estimatinc & ENGINEERING BuRPAU, 305 Walnut St., 
Cincinnati, Ohio. (Hunter W. Haniey.) 
Evans, FRANK M., 10 W. 28th St., New York, N. Y. 
EverHart, C. C., 539 Van Buren St., Milwaukee, Wis. 
Ewrne Concrere Co., Davis, 712 E. Empire St., Bloomington, Ill. (Davis 
Ewing, Pres.) 
Ey, Victor, N. 4th St., Woodside, Long Island, N. Y. 
Eyricx, Gro. J., Jr., 800 Marquette Bldg., Detroit, Mich. 
FABRIQUE De Crment PorTLAND ARTIFICIEL, Hemixem-Anvers, Belgium. 
(J. Van Den Heuvel.) 
Farr, T. R., Great Eastern Hotel, Calcutta, India. 
Farrouinp, LeRoy F., 3211 Lake Ave., Rochester, N. Y. (Hastman Ko- 
dak Co.) 
FarrMan, J. R., 1805 Age Herald Bldg., Birmingham, Ala. (Dist. Engr., 
Portland Cement Assn.) 
FarMER, Homer G., Frick Bldg., Pittsburgh, Pa. 
Farnuam, R., Broad Street Station, P. R. R., Philadelphia, Pa. 
FautKner, H. F., City Engineer’s Dept., Seattle, Wash. 
Fay, Frepertck R., 200 Devonshire St., Boston, Mass. (Fay, Spofford & 
Thorndike. ) 
FEDERAL CemMENT TILE Co., 608 S. Dearborn St., Chicago, Ill. (Leland J. 
Wilhartz, Secy.) 
FreperaL Concrete Co., 667 Wyoming Ave., Buffalo, N. Y. (Walter E. 
Jones, Secy.) 
FeLpraprr, M. G., 1523 E. 81st St., Cleveland, Ohio, (A. A. Lane Con- 
struction Co.) 
Frercuson, Joun A., 1419 N. Euclid Ave., Pittsburgh, Pa. 
Frercuson & Co., J. B., Hagerstown, Md. (J. B. Ferguson.) 
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JOHNSON, ALGor F., 809 Ist National Soo Line Bldg., Minneapolis, Minn. 
JOHNSON Co., C. S., 1002 N. Market St., Champaign, Ill. (Chas. 8. John- 
son. ) 
JOHNSON, FRANK H., Ellsworth, Wis. 


List or MEMBERS. 647 


JoHNSON, Lewis J., Harvard University, Cambridge, Mass. 

JoHNSON, N. C., 342 Madison Ave., New York City. 

Jounson, T. H., 319 Towa Bldg., Sioux City, Iowa. 

JOHNSON, Virein L., 19th and Chestnut Sts., 801 Denckia Bldg., Phila- 
delphia, Pa. 

JOHNSTON, RoBertT 8., 3604 McKinley St., N. W., Washington, D. C. (Bu- 
reau of Standards.) 

JOHNSTON, P. H., 1010 Graham Bldg., Jacksonville, Fla. (Dist. Engr., 
Portland Cement Assn.) 

JONES, BEVAN, 342 Madison Ave., New York City. 

Jones, D. W., Supt. of Buildings City Hall, Binghamton, N. Y. 

Jones Construction Co., H. N., Alamo Theater Bldg., San Antonio, Texas. 
(C. M. Bushick, Vice-Pres. ) 

JONES, WILLTAM M., 152 Market St., Paterson, N. J. 

Kaun, ALBERT, Marquette Bldg., Detroit, Mich. 

Kaun, GUSTAVE, Youngstown, Ohio. (‘Truscon Steel Co.) 

Katser, B. J., 801 Keystone Bldg., Pittsburgh, Pa. 

KALMAN Ftoor Co., 410 N. Michigan Ave., Chicago, Ill. (C. E. Cooke.) 

*KaLMAN StEEL Co., 410 Michigan Ave., Chicago, Hl. (William S. Thom- 
son. ) 

*KaLMAN STEEL Co., 410 N. Michigan Ave., Chicago, Ill. (A. P. Clark. ) 

*Kansas PorTLAND CEMENT Co., Federal Reserve Bank Bldg., Kansas City, 
Mo. (J. A. Lehaney, Vice-Pres.) 

Kapapra, B. F., Abdulla Bldgs., No. 2, Tram Terminus Parel, Bombay, 
India. 


Kapp, P. B., 707 W. College Ave., State College, Pa. (Penn. State Col- 
lege.) 

KarreLLe, WALTER R., Western Electric Co., 110 William St., New York 
City. 


KavurMan, Davip M., 30 Church St., Room 573 E, New Monks Ne Ye 

KAUFMAN, FOREST, 911 Gloyd Bldg., Kansas City, Mo. (Dist. Mer., Port- 
land Cement Assn. ) 

Kaye, Lister L., Southern Works, Rugby, England. 

KELLEY, FREDERICK W., 126 State St., Albany, N. Y. (Helderberg Ce- 
ment Co.) 

Ketso, JAMES A., Industrial Laboratories, Edmonton, Can. (University 
of Alberta.) 

Ketty, Emer G., 122 N. dlst St., Philadelphia, Pa. (Consolidated Ex- 
panded Metal Co.) 

Kenner, A. E., Lafayette, Ind. 

Kent, Cou., H. VaueHan, 34 Victoria St., London, S. W. I, England. 

Kent, Con., H. VAUGHAN, 34 Victoria St., London, S. W. 1, England. 

Kenworruery, Epw. M., 2311 W. 11th St., Wilmington, Del. 

Kerr, Linton, 147 Milk St., Boston, Mass. 

KESLINGER, ALBERT, Box 99, Oswego, Hl. 
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KIENSTRA Bros. FurL ann Suprty Co., Wood River, Ill. (Frank T. 
Kienstra. ) 
Kixucui, Arrro, Toa CeMENT Co., Lrp., Amagasaki, near Osaka, Japan. 
KONDLE, Grorcr C., Pitman, N. J. 
Kine, A. W., 410 N. Michigan Ave., Chicago, Tl. (Kalman Floor Co.) 
Kinessury, C. T., 216 Woodward Bldg., Washington, D, C. (Rosslyn 
Steel and Cement Co.) 

KINNEY, WILLIAM M., 111 W. Washington St., Chicago, Ill. (Portland 
Cement Assn. ) 

Kirx, Karr Q., 520 McCalie Ave., Chattanooga, Tenn. 

KircHen, R. R. & Co., 802 National Bank Bldg., Wheeling, W. Va. (R. R. 
Kitchen. ) 

KITTANNING SaLes Co., Inc., 45 E. 17th St., New York, N. Y. (Robert 
Recker, Sec’y.) 

KLAGSHAMNS CEMENTVERKS AKTIEBOLAG, Postfack 1068, Stockholm, Swe- 
den. (Ivar Olsson.) - 

Kirin, W. H., Richard City, Tenn. (Dixie Portland Cement Co.) 

KLEINLOGEL, Pror. ADOLF, Roquetteweg 33, Darmstadt, Germany. (Hes- 
sen. ) 

KLEPACH CONSTRUCTION Co., Cedar Rapids, Iowa. (John Klepach. ) 

KLryBoLts, Rupotpn, 515 Union Central Bldg., Cincinnati, Ohio. (Pru- 
dential Builders, Inc.) 

Kuinesere, W. Hart, 318 Main St., Springfield, Mass. 

Kurnerr, W. A., Warnock Bldg., Sioux City, Iowa. 

Kiocx, Morean B., 189 Park Ave., Rochester, N. Y. 

Kopu, OLar, Prinsensgt 26b, Elevator, Kristiania, Norway. 

KNOWLTON, WINFIELD B., 69 Salem St., Andover, Mass. 

Koper, Wo., Co., c/o Adensite Co., Inc., 116 W. 39th St., New York City. 

“KOEHRING CoMPANY, 3lst and Concordia, Ave., Milwaukee, Wis. (Ee 

Lichtenburg. ) 

“KOEHRING Company, 4940 N. 8th St., Philadelphia, Pa. (P. Koehring.) 
Korrner & Co., C. A., 318 E. Burnett, Louisville, Kye (Ress Sweeney. ) 
KOERNER, CARL A., 908 Syndicate Trust Bldg., St. Louis, Mo. 

Koucui, M., Onoda Cement Co., Yamaguchi-Ken, Japan. 

Kos, F, X., 1225 E. Grand Blvd., Detroit, Mich. 

Komura, Mancoro, Yotsu Kuracho, Fukushi, Maken, Japan. (Iwaki Ce- 
ment Co., Ltd.) 

KonstTant, NickaLas Z., 1473 Carmen Ave., Chicago, Ill. 

Kopirke, O. F., Wabash and 15th Sts., Toledo, Ohio. (The Cettins Kopitke 
Co.) 

*KOSMOS PorTLAND CEMENT Co., 614 Paul Revere Bldg., Louisville, Ky. 
(O. N. Clarke.) i 

Krause, G. E., Juneau, Alaska. 

Krause, L. B., 231 S. La Salle St., Chicago, Ill. 

Krause, Mark C., 120 W. 4th St., Williamsport, Pa. 

KREBS Company, A. J., Walton Bldg., Atlanta, Ga. (A. J. Krebs.) 
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KRECKER, RAYMOND H., c/o Phila. & Reading Ry., 9th and Spring Garden 
Sts., Philadelphia, Pa. 
Kressty, Pau E., 732 H. W. Hellman Bldg., Los Angeles, Calif. 
Kreiner, Grorce H., 814 E. 94th St., Brooklyn, N. Y. 
KUHN, Percy C., c/o Wogan & Bernard, 1002 Title Guarantee Bldg., New 
Orleans, La. 
Kuo, TIENPANG, 2 S. Clinton St., Trenton, N. J. 
Kvitrup, I., 754 Builders Exchange, Minneapolis, Minn. 
LACKEY, Henry W., 2036 E. 84th St., Chicago, Il. 
LACLEDE STEEL Co., 1317 Arcade Bldg., St. Louis, Mo. (W. L. Allen.) 
LAGAARD, M. B., Experimental Engineering Bldg., Minneapolis, Minn. 
(University of Minnesota.) 
LAKDAVALA, Burgor M., c/o H. H. Daruwala, Esq., Outfort, Broach, Bom- 
bay, India. 
Lake, Simon, Milford, Conn. 
LAKEWOOD ENGINEERING Co., Cleveland, Ohio. (Lion Gardner, Vice-Pres.) 
LAMB Co., Ropert E., 843 N. 19th St., Philadelphia, Pa. (Robert E. 
Lamb. ) 
LAMBERT, WALTER E., 2028 Lincoln St., Evanston, Ill. 
LamBin, J. Epwarp, 5901-5999 Hydraulic Ave., Cleveland, Ohio, (Lambie 
Concrete House Corp.) 
LAmMpis, JosepH S., Parkman Blvd., Pittsburgh, Pa. (University of Pitts- 
burgh. ) 
LANCASTER, LIONEL W., 8 McLaren St., Red Bank, N. J. 
LANCASTER ConcrEeTE TILE Co., Lancaster, Pa. (Henry Boettcher.) 
Lanper, R. S., Burwell Bldg., Knoxville, Tenn. (Shearman Concrete Pipe 
Co. ) 
Lanpor, Epwarp J., 634 Renekert Bldg., Canton, Ohio. 
Lang, H. A., Baltimore and Ohio Central Bldg., Baltimore, Md. (Balti- 
more & Ohio Railroad Co.) 
LANG, Puitie Grorce, JR., 300 Baltimore & Ohio Bldg., Baltimore, Md. 
(Engr. of Bridges.) 
LapHaM, JOHN R., 1829 G St., N. W., Washington, D. C. (George Wash- 
ington University. ) 
LARKIN, Epwarp C., No. 10 Florence Apts., Warren St., Dayton, Ohio. 
Larson, REUBEN LAWRENCE, 4-6 Yuen Ming Yuen Road, Shanghai, China. 
(Anderson, Meyer & Co., Ltd.) 
“La Tovreca,” Cra DE CEMENTO, PorTLAND, S. A., Independencia 8, P. O. 
Box 233, Mexico, D. F. Mexico. (G. H. E. Vivian.) 
LAVELLE, J., General Assurance Bldg., Bay and Temperance Sts., Toronto, 
Ont. (Alfred Rogers, Ltd.) 
LAVIGNE, Ernest T., 30 Belvidere Road, Quebec, Canada. (Quebee Pro- 
vincial Dept. of Public Works & Labor.) 
Lazier, F, 8., Welland Ship Canal, Thorold, Ont., Canada. 
*LAWRENCE PorTLAND CEMENT Co., 302 Broadway, New York City. (J. S. 
Van Middlesworth. ) 
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Lea, WILLIAM S., 809 New Birks Bldg., Phillips Square, Montreal, Que. 
(R. S. & W. 8S. Lea.) 

Lracu, FreD M., 798 Detroit Savings Bank Bldg., Detroit, Mich. 

LrAver, R. J., 49 Swan St., Lawrence, Mass. 

Ler, Kune, c/o Building Sect., Yuen Ming, Yuen Rd., Shanghai, China. 
Anderson, Meyer & Co., Ltd.) 

Ler, W. HAamivron, South Plainfield, N. J. 

Leeps & Barnarp, 705 Central Bldg., Los Angeles, Calif. (Chas. T. 
Leeds. ) , 

LEFFLER, RALPH R., 7021 Oriole Ave., Chicago, III. 

“LEHIGH PORTLAND CEMENT Co., Allentown, Pa. (H. M. Trexler, Pres.) 

“LEHIGH PORTLAND Cement Co., Allentown, Pa. (H. M. Trexler, Pres.) 

LenigH PoRTLAND CEMENT Co., Young Bldg., Allentown, Pa. 

Lenest, G. J., 212 W. Biuff St., Prairie du Chien, Wis. (Prairie Concrete 
Prod. Co.) 

Lent, RicHarp P., Box 268, Wilson, N.C. 

LEONARD, JOHN B., 57 Post St., San Francisco, Calif. 

Leonarp, W. H., 800 Corporation Bldg., Los Angeles, Calif. (Riverside 
Portland Cement Co.) 

Lestry, Roperr W., 611 Pennsylvania Bldg., Philadelphia, Pa. 

LrUNARTZ, ALLAN E., 10 Farleigh St., Ashfield, Sydney, Australia. 

LrvIson, ARTHUR A., Chief Engr., Road Dept., Pittsburgh, Pa. (Blaw- 
Knox Co.) 

Lewis, Gro. H., Malden, W. Va. ) 

Lisperton, J. H., 40 Rector St., New York City. (General Chemical Co.) 

LIEBERMAN & HEIN, 190 N. State St., Chicago, Il. (HE. Lieberman.) 

LILLEY CONCRETE PRoDUCTS Co., Aurora, Ill. (L. W. Lilley. ) 

Linp, Perer & Co., 2 Central Bldg., Westminster, London, 8. W. 1, 
England. 

Linpau, A. E., 10 8. La Salle St., Chicago, Hl. (American System of 
Reinforcing. , 

Linpsay & Co., W W., 902 Harrison Bldg., Philadelphia, Pa. (James ©. 
Newlin, Vice-Pres. ) 

Linpsiry Co., C. E., 888 Clinton Ave., Irvington, N. J. (C. E. Lindsley. ) 

Linstrrum, A. C., 607 Hubbell Bldg., Des Moines, Iowa. 

Linpstrom, Rogert S., 203 S. Dearborn St., Chicago, Ill. (Advance Water- 
proof Cement Co.) 

Lipscomps, P. T., Crockett, Texas. 

Lirrer, F. J., 8 W. 40th St., New York City. (The Frederick Snare Corp.) 

LiverMoRE, A. C., Mgr. Westinghouse Air Brake Home Bldg. Co., Wilmer- 
ding, Pa. 

LIVERMORE, JOSEPH D., Route 6, Madison, Wis. 

Lock Jornr Piper Co., P. 0. Box 21, Ampere, N. J. (J. E. Longley. ) 

Lock Jornt Pipe Co., Ampere, N. J. (I. F. Longley.) 

“Lock Joint Pipe Co., Ampere, N. J. (A. M. Hirsh, Pres.) 
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Locks, CLypE E., 905 Ellicott Square, Buffalo, N. Y. (A. E. Baxter Eng. 
Co.) 

LockHaArpT, WILLIAM F., 347 Madison Ave., New York, N. Y. 

Lockwoop, GREENE & Co., 24 Federal St., Boston, Mass. (Library.) 

Lors, Henry, Il, c/o Loeb Stone Company, Memphis, Tenn. 

LOEBER, CHARLES, P. O. Box 1612, Richmond, Va. 

Loruirr, Paur F., 1300 Kahnia St., N. W., Washington, D. C., Tacoma 
Station. 

LocrMaNn, R. T., 208 S. La Salle St., Chicago, Il]. (American Bridge Co.) 

Loney, Nem M., 250 Park Ave., New York, N. Y. (Thompson-Starrett Co.) 

Lone & THorSHOV, 1028 Andrus Bldg., Minneapolis, Minn. 

Loomis & Sons Co., C. H., 306 Jelliff Ave., Newark, N. J. (C. H. Loomis, 
Pres. ) 

Lorp, ARTHUR R., 140 S. Dearborn St., Chicago, Ill. 

LORENTZEN, G. F., Cementfabrik Nerge CH-NO Portland Cement A/s., 
Oslo, Norway. ‘ 

Lorenz Co., P. H., 413 Peoples Bank Bldg., Moline, Ill. (F. R. Dewend.) 

Lorenz, Victor S., 129 Wadsworth Ave., Apt. 61, New York, N. Y. 

Lorine, Louis T. C., 10 High St., Boston, Mass. (Dist. Engr., Portland 
Cement Assn. ) 

Los ANGELES ConcrEeTEe Tite Co., 432 I. W. Hellman Bldg., Los Angeles, 
Calif. (Harry Soderberg. ) 

Los Ancretes Harsor Derpr., Berth 90, San Pedro, Calif. (Geo. F. 
Nicholson. ) 

LorHian, ALBERT J., 230 Chatham St., W., Windsor, Ont., Can. 

*LOUISVILLE CEMENT Co., 315 Guthrie St., Louisville, Ky. (W. S. Speed, 


Pres.) 

Love, Harry J., 933 Leader-News Bldg., Cleveland, Ohio. (Nat. Slag 
Assn.) 

LowE LL, JoHNn W., 208 S. La Salle St., Chicago, Il. (Universal Portland 
Cement Co.) 


Lusty, FRANK, 11 Goodell St., Buffalo, N. Y. (Turner Construction Co.) 

Lurry, Grorer, 1405 Prairie Ave., Beloit, Wis. 

LuNDoFr-BICKNELL Co., THE, 5716 Euclid Ave., Cleveland, Ohio. (C. W. 
Lundoff. ) ; 

Luvren, Dantet B.,; 1056 Lemcke Annex, Indianapolis, Ind. (Luten Engr. 
Co.) 

Luzerne County Roap AND BripGe Dept., Wilkes-Barre, Pa. (Robert IDB 
Williams.) ) 

LynaM, Magor C. G., R. E., Public Works Dept., Bagdad, Mesopotamia. 

Lyncu, W. J., 104 S. Michigan Ave., Chicago, Ill. (Thompson-Starrett 
& Co.) 

MacBeru, Norman, 800 Corporation Bldg., Los Angeles, Calif. (River- 
side Portland Cement Co.) 

Maccowan, Ernest S., 836 Security Bldg., Minneapolis, Minn. 

McBurney, J. W., ¢/o Standard Paint & Lead Works, Cleveland, Ohio. 
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McCarrtuy, P. A., Box 794, Lufkin, Texas. (Commercial and Industrial 
Engrg. Co.) 

McCarrtuy, T. V., Box 245, Niagara Falls, Ont., Canada. 

*“McCiarcuy, Joun H., 848 Land Title Bldg., Philadelphia, Pa. 

MCCLELLAN & JUNKERSFELD, 68 Trinity Pl., New York City. (P. Junkers- 
feld.) : 

McCrapy, Louis Dr B., c/o Canadian Explosives, Ltd., 120 St. James St., 
Montreal, P. Q., Canada. 

McCouttoueu, F. M., Carnegie Institute of Technology, Pittsburgh, Pa. 

McDaNIgL, ALLEN B., Investment Bldg., Room 712, Washington, D. C. 

MacDonaup, Harve, Riverside, Calif. (Riverside Portland Cement Co.) 

McEwen, A. B. c/o Wm. I. Bishop, Ltd., 822 New Birks Bldg., Montreal, — 
P. Q., Canada. 

McGiLL University Liprary, 65 McTavish St., Montreal, P. Q., Canada. 
(G. R. Lomer. ) 

McHose Sand & Tre Co., Boone, Iowa.. (Mr. Arthur McHose. ) 

McInryre, WitttAmM A., 809 Flanders Bldg., Philadelphia, Pa. (Atlas 
Portland Cement Co.) 

McIntyre Macuinery Co., 708 Empire Bldg., Detroit, Mich. (A. E, Car- 
penter, Secy.) : 

McKinstry, Ross W., 205 Kenmore Ave., Elmhurst, Il. 

McLacuran, R. C., c/o J. P. Porter, Standifer & Porter Bros., St. Cath- 
erines, Ont. 

McLean Conrracrine Co., 1415 Fidelity Bldg., Baltimore, Md. (Oscar B. 
Coblentz, Pres. ) 

McLean, Wi1raM K., 8 Spring St., Sydney, New South Wales, Australia. 

McLrop, WILLIAM, Balgownic Ave., Gonville, Wanganui, New Zealand. 

McMrian, E. C., 107 Clifford St., Detroit, Mich. (Kalman Floor Co.) 

McMILLan, FRANKLIN R., 1951 W. Madison St., Chicago, Ill. (Structural 
Materials Research Laboratory.) 

McRae Steet Co., 16 MeGraw Bldg., Detroit, Mich. (William Corman. ) 

McWuriam, R. J., London Bank Chambers, Creek St., Brisbane, Australia. 

Macatrs, W. L., & Sons, Austin and Commerce Sts., Houston, Texas. 

Macuner, H. Frank, Itabayanna, Estado Parahyba, d. N., Brazil. 

Mack, Tuomas, Peoples Gas Bldg., Chicago, Ill. (Rezilite Mfg. Co.) 

Maconl, G. V., 67 Church St., New Haven, Conn. (The Dwight Build- 
ing Co.) 

Macurre Co., CHaries E., 507 Grosvenor Bldg., Providence, R. I. (Charles 
A. Maguire.) 

MAIN, CHARLES T., 200 Devonshire St., Boston, Mass. 

MakKt, Dr. H., Public Works Bureau, Home Dept. of Japan, Tokyo, Japan. 

Matmep, A. T., 1713 Sansom St., Philadelphia, Pa. (A. T. Malmed Co.) 

Matonr, JOHN A., Lancaster, Pa. (Malone & Sons.) 

Matonry, Rowtanp, Hyderabad, Deccan, India. (The Reliance Tile 
Works. ) 

Mautsy, JoHN W., Ross Bldg., Lafayette, Ind. 
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Maney, G. A., 3628 18th Ave., S., Minneapolis, Minn. 

MANIToBA, UNIVERSITY oF, Sherbrooke and Portage Sts., Winnipeg, Man. 
(J. N. Finlayson. ) 

Manica, ALBERT J., 301 Journal Bldg., Albany, N. Y. 

MARANI, VirGit G., 844 Rush St., Chicago, Ill. (Gypsum Industries. ) 

Maxs_e, WILLIAM O., 508 London Bldg., Vancouver, B. C. (Hodgson, 
King & Marble.) ) 

Mariscal, FREDERICO E., 9a Colima 292, Mexico City, Mexico. 

Marxk AnD, M. B., Guarantee Trust Bldg., Atlantic City, N. J. 

MARLBORO CEMENT Co., Edmonton, Alberta, Can. (A. W. G. Clark.) 

Marquess, C. H., c/o Armour & Co., Union Stock Yards, Chicago, Il. 

MARQUETTE CemMENT Mra. Co., LaSalle, Ind. (C. M. Butler.) 

“MARQUETTE CEMENT Mreé. Co., Marquette Bldg., Chicago, Ill. (R. B. 
Dickinson. ) 

Marscu, Louis, Morrisonville, Ill. 

MarsH-Murpock Co., Tur, Melish and Stanton Aves., Cincinnati, Ohio. 
(George J. Marsh.) 

MARSHALL, JOHN, 528 Collins St., Melbourne, Victoria, Australia. (The 
Marshall Concrete Co., Ltd.) 

MARSHALL, Jos. M., Jr., 1319 Hurt Bldg., Atlanta, Ga. (Dist. Engr., 
Portland Cement Assn.) 

MARSHALL, THos. W., 729 15th St., N. W., Washington, D. C. 

Marson, JouHN E., Aurora, Ill. (Barber-Greene Co.) 

Martin, Epear, Chicago Beach Hotel, Chicago, IIl. 

Martin, Evan S., 16 Saulter St., Toronto, Ont. (James A. Wickett, Ltd.) 

Martin, FRANK J., 544 Sth St., Port Arthur, Texas. (c/o Jefferson Constr. 
Co.) 

Martin, G. G., Box 432, Conneaut, Ohio. (Bessemer and Lake Erie Rail- 
road Co.) 

Mason, Frank H., 2 Greylock Rd., Waterville, Me. (Central Maine 
Power Co.) 

Massry ConcRETE Propucts Corpe., Peoples Gas Bldg., Chicago, Il. (Raul 
Kircher. ) 

Master BuiLpers Co., THE, 1836 Euclid Ave., Cleveland, Ohio. (S. W. 
Flesheim. ) 

Mauro, FrAncESCO, First Nat. Bank Bldg., Birmingham, Ala. 

Mayers, H. WINFIELD, No. 8 Wilson Ave., Watertown, Mass. 

Maynarp, ArtHur J., Mass. State Farm, State Farm, Mass. 

MAYNICKE & FRANKE, 25 Madison Square, North, New York City, N. Y. 

Mazur, Isapor, 3704 N. Penn St., Apt. 6, Indianapolis, Ind. 

Mrap, C. A., 165 Wildwood Ave., Upper Montclair, N. J. 

Meape, SuypaM Co., 342 6th Ave., Newark, N. J. (F. J. Meade.) 

Meapg, P. F., Denver, Colo. (Dist. Engr., Portland Cement Assn.) 

Meprorp Concrete Co., Medford, N. J. (Harry L. King, Jr., Pres.) 

Metin, O. W., Structural Engr., Western Electric Co., Hawthorne Station, 
Chicago, Ill. 
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MERCHANT, ARCHIE W., 728 Hospital Trust Bldg., Providence, R. I. 

Mer1o, Merto & Ray, Lrp., Ford, Ont., Canada. (Louis Alvin Merlo.) 

MERRIKEN, C. W., Tacoma Bldg., Chicago, Ill. (Gardiner & Lewis, Inc.) 

MERRIMAN, THADDEUS, 2224 Municipal Bldg., New York, N. Y. 

Merssry, LAUREL, Commerce Bldg., Ash and George Sts., Sydney, Australia. 

Mercatr & Eppy, 14 Beacon St., Boston, Mass. (Frank A. Marston.) 

MerrzcEeR-RICHARDSON Company, 503 May Bldg., 529 Liberty Ave., Pitts- 
burgh, Pa. (F. L. Metzger.) 

Meyer, C. Louis, 608 Omaha National Bank Bldg., Omaha, Neb. (Con- 
crete Engrg. Co.) 

Meyer, Morrison & Co., 39 Cortlandt St., New York City. (B. A. Meyer.) 

MIcHIGAN UNIverSIty LipraAry, Ann Arbor, Mich. 

MimLanp VALLEY Coat & Marertat Co., Overland, Mo. (M. J. Mahan.) 

MIESENHELDER, P. D., 640 Middle Drive, Woodruff Pl., Indianapolis, Ind. 
(Indiana State Highway Commission. ) 

MiLpurNn Lime & Cement Co., Lrp., 59 Crawford St., Dunedin, New Zea- 
land. (J. H. Stewart, Gen. Mgr.) 

MILLER, CHARLES R., 556 Susette St., Mee Tenn. 

MILLer, DANIEL J., Bacon Pa. 

MiItLer & Sons’ Co, H., 2565 5th Ave., Pittsburgh, Pa. (A. G. Miller.) 

Mirer, L. C., 610 Merchants Bank Bldg., Indianapolis, Ind. (Dist. Engr., 
Portland Cement Assn.) 

Miter, O. L., & Co., 401 W. 17th St., Indianapolis, Ind. (A. C. Miller.) 

Miter, R. M., 130 N. E. 24th St., Miami, Fla. 

Mriyer, JosnHua L., 814 Second Place, Plainfield, N. J. 

MiInN. CEMENT CoNnsrRuUCTION Co., 433 Lumber Exchange, Minneapolis, 
Minn. (Andrew Nordloef, Mgr.) 

MInsuHalL, R, E., 242 S, Gill St., State College, Pa. 

Minwax Co., Inc., 18 E. 41st St., New York, N. Y. (Albert R. Harrison, 
Vice-Pres. ) 

“Missourt PortLanp Cement Co., Post Dispatch Bldg., St. Louis, Mo. 
(H. L. Block, Pres.) 

MITCHELL, JAMES, 999 Bergen Ave., Jersey City, N. J 

MITCHELL, NOLAN D., 134 Beach St., South, Clarendon, Va. (U.S. Bureau 

of Standards.) 

MobERN Construction Co., Grand Junction, Iowa. (O. B. Lofstedt, Secy. ) 

Morser, Victor L., Ferro Concrete Construction Co., Cincinnati, Ohio. 

Mouter, Joun D., 2740 Duncan St., St. Joseph, Mo. 

Mone, H. A., 1007 Royster Bldg., Norfolk, Va. (Dist. Mgr. Raymond 

Concrete Pile Co.) 

Mote, Harry H., City Engineer, Kearney, Neb. 

Morine Cast Stone Co., 110 18th St., Moline, Il. (Richard Bjoindakl. ) 

MoLienkKor, J. P., c/o John HH: McClatchy, Erdenheim, Pa. 

MonarcH ENGINEERING Co., Chamber of Commerce Bldg., Buffalo, N. Y. 
(H. R. Wait, Pres.) 

Monks & JoHNSON, 99 Chauncey St., Boston, Mass. (John J. Harty.) 
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Monoriruic Hottow Concrete Form Corp., 326-330 Pacific Finance Bldg., 
Los Angeles, Calif. (L. J. Desenberg.) 

Montz, A. S., 205 Strand Bldg., New Orleans, La. 

Moorg, O. L., 1532-210 S. LaSalle St., Chicago, Ill. 

Moorg, THomas, The Adensite Co., 116 W. 39th St., New York City. 

Moores-Conry Co., 111 E. 4th St., Cincinnati, Ohio. (W. W. Coney.) 

Moore, Cuas. C., Room 305, Education Hall, University of Washington, 
Seattle, Wash. 

Morriti, F. W., Ferro Concrete Construction Co., 3rd and Elm Sts., Cin- 
cinnati, Ohio. 

Morris, CiypE T., Ohio State University, Columbus, Ohio. 

Morris, L. E., Valley Center, Kan. 

Morrison, R. L., Assoc. Prof. Highway Engineers, University of Michi- 

gan, Ann Arbor, Mich. 

Morrow, Davin W., 4500 Huclid Ave., Cleveland, Ohio. 

Morssen, C. M., 37 Belmont St., Montreal, Que. 

Mossrs, FREDERICK W., 10 Weybossett St., Providence, R. I. (Fireman In- 

surance Co.) 

Moro, CANDELARIO Cator, Bureau of Municipal Works, Dept. of Interior, 
San Juan, P. R. 

Moutton, A. G., 812 Keefer Bldg., Montreal, P. Q., Canada. (Thompson- 
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